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FOREWORD

Most past research on the effectiveness of vocational educa-
tion has evaluated wages, earnings, and the employment advantages
of secondary vocational graduates. Although this work has
produced valuable results, it has largely ignored the contribution
of secondary vocational education to learning outcomes. This
report, which is sponsored by the Office of Vocational and Adult
Education, U.S. Department of Education, examines that
contribution. The report is targetci to research scholars with
professional interests related to vocational education, effective
‘Bchooling, learning, and methodology. The theoretical base and
methodoloygy presented here for investigating learning outcomes
also provide direction for guidance in secondary schools and for

interpreting past and future research on the role of vocational
education.

The National center is indebted to Dr. N. L. McCaslin,
Associate Director, Evaluation and Policy Studies Division; Dr.
Lawrence Hotchkiss, Senior Research Specialist, who directed this

projeéct; and Jeanne Desy, Program Associate, who was responsible
for the substantive research.

Special appreciation is extended to the reviewers of earlier
drafts of this report whose perceptive suggestions were
invaluable--Peter V. Marsden, Department of Sociology, Harvard

University and Paul Allison, Department of Sociology, University
of Pennsylvania.

We also wish to thank Editorial Services for their review of
this report. Special thanks are extended to Jeannette L. Painter
who patiently workec¢ with the often difficult statistical typing
and the many other details of manuscript preparation.

Ray D. Ryan

Executive Director

The National Center
for Research in
Vocational Education




EXECUTIVE SUMMARY

A wide array of claims have been made for vocational educa-
tion, with economic benefits most often stressed. More recently,
hcwever, noneconomic and educational outcomes have been empha-~
sized. Although critical theoretical and empirical issues
regarding noneconomic outcomes of vocaticnal education remain
unresolved, substantially more work has been conducted on economic
issues than on noneconomic issu2s. This document reports research
designed to help diminish this imbalance. Expected noneconomic
outconmes; of vocational education are diffuse and difficult to
verify, and no single research project could resolve all the
outstanding unanswered questions. The: work reported here has
attempted to take strategic first steps.

First, theoretical expectations regarding the nsoneconomic
outcomes of vocational education are codified and documented. It
is found that vocational classrooms offer an environment that is
substantially different from that of academic classrooms.
Vocational classrooms engage students in "hands-on" applied
learrning that, it is arqued in the literaiure, helps students to
see the need for academic knowledge. However, some students
benefit more from exposure to vocational education than cthers
do.

Second, these baslc ideas are formulated into a statistical
interaction model. The model expresses the idea that the
motivating power of vocational education complements academic
courses for some students and thereby stimulates learning of
academic material. Third, a review of empirical studies uncovers
ery little empirical investigation of the basic hypothesis. One
of the critical reasons is that empirical assessment of interac-
tion effects poses difficulties not encountered in traditional
linear models. Fourth, :sthodological analysis of interaction
effects are conducted. These analyses help to clarify meaningful
interpretation of interaction effects and examine complexities
th~t accompany study of interactions in explicit models of change
over time. Literature on interpretation of interactions is
summarized and extended by proposing devices that aid in the
interpretations of interaction effects. Additionally, xey
difficulties in estimating interaction effects in dynamic models
are identified and elementary sclutions to those difficulties
proposed. Much work on this issue remains to be done, however.

The chapters in this report are self-contained. Chapter 1
provides an introduction to the study. Chapter 2 presents var.ous
theoretical approaches to vocational education. It begins with a
discussion of the outcomes historically claimed for vocational
education, with emphasis on the noneconomic outcomes that have
been more recently stressed. The model of learning proposed by
Sorensen and Hallinan is presented next. This model suggests that
how much students learn in the vocational education classroom will
vary according to the individusl's personal characteristics,

r vii
MR 7




particularly ability and effort (a function of motivation).
Examination of this interaction is essential to any understanding
of the value added by vocational education. Value-added theory is
discussed briefliy, with reference to the mathematical issues
involved in any model of chanye and to the significance of the

. value-added approach for vocational education. Finally, the
vocatioinal classrcom is described, as it has been documented by
Goodlad (1982) and Weber and associates (1988). The discussion
shows that this educational oppertunity emphasizes the technical
practice of psychomotor skills, rather than verbal practice, and
focuses on individual, competency-based learning. The vocational
classroom is thus less competitive than the academic classroom and
more structured and theoretically has special benefits for
students who learn slowly, who need well-organized information,
and who respond poorly to competitive reward structures.

Chapter 3 presents empirical findings on the effects of
vocational education. Basic skills are treated separately from
other nonecoriomic outcomes because of their special importance.
Vocational students generally have below-average basic skills;
there are not adequate entry data to determine the role secondary
programs play in basic skills achievement. There is evidence that
learning experientially results in more meaningful learaning and
retention (Ausubel 1980), increasing recall through both the
generation affect and the variability effect (Ellis 1980).
Scholarship on learning through application supports the conten-
tion that vocational education provides an important learning
experience.

Chapter 3 also surveys current Knowledge about other
noneconomic effects, finding that little research has been
performed and few effects are well documented. An overview of
studies of economic effects reveals that definitive findings will
depend on future studies of earnings profiles over time.

A further effect of vocational education is motivation. This
curriculum is often claimed to provide motivation that may be
instrumental in retention of dropout<prone students. This
capacity to motivate does seem to exist, particularly in the
intrinsic feedbac’ of technical skills practice, which offers
specifie43nd proximal goals. The "relevance" students ascribe to
vocational education (Goodlad 1983) is also motivating. Overall,
there is little doubt that the vocational classroom offers unique

opportunities to achieve and to build self-efficacy and general
motivation for learning.

Chapter 4 summarizes the literature on interpretation and
estimation of statistical interaction models. This chapteir shows
how to interpret the substantive importaace of interaction by
comparing the mean level of effects of x and y to the variation in
those effects. Standardization formulae are proposed that, unlike
the usual standardized regression coefficients, apply generally to
nonadditive (or nonlinear) models and can be used to compare

Q. viii
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effects between independent variables tvith different measurement
units.

Chapter 5 shows that even the simplest statistical interac-
tion model (involving products) requires nonlinear estimation of
parameters in a dynamic model. Various strategies for obtaining
estimates are reviewed and practical methods of estimation are
proposed.

Chapter 6 draws on the concept of learning styles to help
integrate theory of vocational education into a broad intellectual
context. It is difficult to choose & learning style model, as
none are empirically based. Assessment instruments have been
extensively criticized; of those in wide use, the MBTI comes well
recommended. It may be best for vocational administrators and
teachers to devise their own assessment instruments, combining
these with interview and discussion with the student. A model is
proposed as a preliminary attempt to integrate the main ideas of
the earlier chapters. The model shows how to include basic

elements of learning style and vocational theory in ar expanded
interaction specification.
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CHAPTER 1
INTRODUCTION

by Lawrence Hotchkiss
and Jeanne Desy

The philosophy of vocational education rests on the idea that
the vocational ¢ .rriculum differs in significant positive ways
from the academic and general curricula. Not only doces it provide
work~related skills and values, but, proponents claim, it
motivates studenis to learn, particularly such types of students
as those with a practical, concrete orientation. A concept such
as calculation of an area that a student nay find difficult or
meaningless in a classroom may be cf more obvious value in thz
actual real-world task of painting a room.

The argument is that, both directly and indirectly, voca-
tional course work complements academic course work=--each type of
education enhances the value of the other. Assessment of this
"complementarity hypothesis" poses a number of conceptual and
methodclogical difficulties. This report prescnts substarntive
background to the problem arid analyzes conceptual and methodologi-
cal issues regarding the concept of statistical interaction that
are closely connected to the substantive thecry.

A primary motivation for embarking on such a study was that
we do not currently have available principles that can be used to
help youth with different interests, learning styles, and apti-
tudes choose curricula that best suit their unique needs. It is
plausible, for example, that students with particular learning
styles would improve their knowled~~ of grammar and writing more
in business and commcrcial courses than they would in English
courses that relied on sentence diagramming. However, we do not
know enough about the way these individual differences may
interact with the processes in the vocational classroom to
systematically help youth make -curriculiim choices to their best
advantage.

Two broad questions are implied by the above considerations.
First, is there, in fact, a unique education.l process and content
characterizing vocational education that is particularly we.l
suited to the learning styles, attitudes, and aptitudes of some
students but not others? In other words, are our commonly held
assumptions true? Second, if they are, then how can we know what
mix of academic and vocational courses will most profit a particu-
lar student? Refining our ability to guide students into suitable
curricula is particularly important in view of accusations that
students may be "tracked" into vocational education with reference
to extraneous background factors (Oakes 1986).




The specific research questions raised by these broad issues
are far too extensive to be resolved in a single research report.
The present report presents important steps toward systematizing
the critical issues in ways that promote their analysis. First,
this repsrt presents a comprehensive review of theoretical view-
points that describe what the role of Vocational education in
learning is expected t¢ be. This raview is intended to clarify
the theory and ground it in a broad base of research literature.
Second, this report assesses empirical findings on the effects of
vocational education. Third, the report provides an exposition of
interpretation of interaction models designed to express key
aspects of vocational education theory. Fourth, the report evalu-
ates methods fcr estimating dynamic interaction models. Since
learning is dynamic and certainly must involve interactions be-
tween learner characteristics and mode of presenting material,
this work is particularly critical to adequate empirical assess-
ment of the role of vocational education in learning.

The chap“ers in this report represent separate areas of
expertise and are written as stand-alone papers; their authorship
is indicated. The substantive chapters examine the various claims
made for vocational education and describe an interactive theory
of learning as z basis for the methodological study. The signifi-
cance of value-added theory for vocational education is consid-
ered. Classroom observation studies are used to define the
distinctive educational process of the vocatlonal education class-
roon as it differs from that of the academic classroom.

Chapter 4 presents a careful review and assessment of anpro-
priate methods for spacifying and interpreting interaction effects
in structural models. Lucid interpretations of interaction ef-
fects have often been missing in past work, and this chapter
attempts to clarify approaches for promoting clear inturpretation
and examination of interactions. Chapter 5 analyses the impacts
of dynamic cycling of cause and effect on interaction specifica~-
tions. The analysis shows that interaction specification in a
dynamic structural model introduces complexities that do not oc~ur
for dynamic linear models. Practical wethods for handling these
complexities are proposed. The final chapter summarizes and
integrates the earlier chapters. Student charac%eristics are
considered in examining the question, What students especially
benefit from the vocational education experience?




CHAYTER 2
THE EFFECTS OF VOCATIONAL EDUCATION: THEORY

by Jeanne Desy

Claims for Vocational Education

®

Swanson (1982) remarks that it is surorising "that the search
for a definition of vocational education is still underway, and
that there is such diversity of perceptions about what it is or
stould be" (p. 36). McKinney and Fornash (1984), in their discus-
sion of the outcomes o* vocational education, comment similarly
that "historically, there has been little agreement among voca-
tional educators as to what outcomes should be expected. Voca-
tional education has never had a sing.e spokesperson or a
prevalent view regarding outcomes" (p. 57). They add that voca-
tional education operates in a complex, changing context and must
attempt to meet a variety of expectations, with which Swanson
agrees, asserting that "vocational gducation is not a system" (p.
40) but a collection of varying enterprises.

Nevertheless, much informal theorizing regarding +he role and
functior of vocaticnal education has taken place, and vocatioral
programs continue to operate on a theory, if imperfectly articula.
ted, of what vocational education can ard should do. Grubb (1979)
maintains that through cycles of criticism and change certain
claims have always been made on behalf of vocatiocnal education,
and that these form its core. The problems it promises to sclve,
he says, are economic, educational, and social. Grubb emphasizes
social and economic outccmes in his discussion, outcomes that have
historically been emphasized. For example, the 1914 report of the
Commission on National Aid to Vocational Education, on which the
Smith-Hughes Act of 1917 was based, described vocational education
as "a wise business investment for this Jation" (Lazersom and
Grubb 1974, p. 117) that would solve numerous sociai and economic
problems by cieating a supply of trained workers. In the same
era, Charles Prosser talked of "fitting the great mass of our
people for useful employment" {Lazerson and Grubb 1974, p. 135).

This emphasis on labor market outcomes continues today (see
Miller and Budke, n.d.; American Vocational Association 1981).
Oakes (1986) classifies claims for vocational education as
noneducational and educational and says that the latter set of
claims "receives much less consideration in either practice or
research" (p. 34). Evans (1984) says that virtually all research
and evaluation has centered on individual, labor market-related
outcomes.

In 1984, Pratzner and Russell published ti.e results of a
small Delphi survey of national opinion leaders that addressed the

w




appropriate role of vocational education. The consensus was that

secondary-level vocational education is a multi-purpose
program intended to provide technical skills, and at the
same time, foster good work attitudes, facilitate the
transfer of skills needed in all jobs, motivate
disenchanted learners, enhance basic skills attainment,
serve as an exploration into the careers arena, and
compensate for discrimination in society against

special needs populations. (p. 28)

This recent statement indicates the wide variety of needs voca-
tional education is expected to fulfill. Similarly, the 2AVA's
1981 A Nationai Agenda for Vocational Education discusses an
impressive array of "appropriate national concerns" addressed by
vocational education. These include, but are not limited to,
economic revitaiization, energy conservation, and maintenance of
defense capability. A National Agenda, however, also mentions
human development benefits specific to the vocational classroom--a
reality-based standard of performance, pride in work, purpose, and
development of a rangs of talents and interests.

Farley (1979) developed 252 questions represent® iy hypotheti-
cal outcomes of vocational education mentioned in t.e literature.
She divides these outcomes in terms of their effecis vn the indi-
vidual, society, and special needs populations, and then into
economic and noneconomic effects. The 23 noneconomic outcomes
hypothesized for secondary students include only 3 related direct-
ly to learning:

o Skills of inquiry, that is, systematic information-
seeking

o Scores on verbal and achievement tests (the phrasing
sug~ests these may be lower than the scores of pzers in
other curricula)

o The ability to communicate in a variety of modes

From Farley's list, Darcy (1980, selected 15 outcomes of
vocational education judged to be important, appropriate, amenable
tc empirical study, and useful for policy. Only one of these is
related directly to educational outcomes, improving basic skills.

McKinney and Fornash (1983) asked experts in 6 fields to
write papers discussing 18 outcomes of vocational education selec-
ted from Farley's list by project staff and 9 other vocational
educators for their historic, individual, social, and economic
importance. The only learning-related outcomes on the list were
motivation for educational and occupational achievement and in-
creased awareness of need for basic academic skills.

13




Campbell and Panzano (1985; divide educational outcomes into
individual and societal outcomes. (Interestingly, this explora-
tion of quality in vocational education lists more of the former
than the latter, a distinctly modern emphasis.) The list of
competency development (as opposed to personal) outcomes includes
several work-related skills as well as basic skills, information
skills, and problem~-solving skills.

In a discussion of the noneconomic benefits of vocational
education, Silberman (1980) sets up an "intrinsic perspective"
that sees vocational education as a means to education in the
broad sense of full .uman development. This paper makes explicit
a2 number of claims for the process of vocational education that
have been the subject of little rigorous investigation, but are
often assumed to be true. Vocational education, Silberman says,
offers "activities that are intrinsically meaningful and
absorbing. . .[and emphasize] the playful aspects of work" (p.
43). He considers vocational education's opportunities for human
development and personal satisfaction to be significant, and
applauds the quality of the learning environment.; the tangible
product and the pleasure of the process offer iitrinsic motiva-
tion. Vocational education, Silberman claims, enables personal
growth through a sense of competence, opportunities for creative

expression, discipline and the integrity of good work, teamwork,
and altruism.

The Unfinished Agenda (National Commission on Secondary
Vocational Education 1984) similarly assumes that the vocational

classroom meets different student learning needs than the acadenic
classroom. This document refers to "vocational education's poten-
tial to respond to diverse learning styles." The discussion
assumes that the vocational classroom process includes--

o immediate feedback;

o applied learning;

o cooperative, small-group activities;

o individualized learning;

© nmastery learning;

© =zctivities the student considers relevant;

© real-world experiences (especially through cooperative
education);

o tactile and kinesthetic learning;

14




o opportunities to be creative; and

o productive tasks.

In these activities, the report claims, lie the real strength of
vocational education--"its ability to motivate students" (p. 5).

Figure 1 lists som2 of the educational claims made for voca-
tional education. These have been grouped in categories suggested
by Gagne (1977). This grouping highlights the prevalence of
claims made that certain desirable attitudes are more likely to be
learned in the vocational than in the academic classroom. These
attitudes, and other capabilities learned, are said to be fostered
by the educational opportunities unique to {he vocational class-
room. As a glance at this lists suggests, these opportunities
derive from technical skills practice, the distinguishing feature
of the vocational classroom.

N

For the most part, the claims just discussed are not substan-
tiated in the works cited, but presented a. theory. A later
section of this review considers the evidence for these claims.

%heorv of lLearning

For the most part, learning results from the interaction of
the individual with the environment (Gagne 1977:; Bower and Hilgard
1981:. The nature of this process and the conditions that best
foster learning are explained by numerous models (such as
reinforcement, insigh*, and information processing) with which
educators are generally familiar. For the purpose of this study,
one model is especially interesting--that described by Sorensen
and Hallinan (1986). Their model, in its simplest form, is as
follows:

dy(t) = s dv(t)
where
dy(t) = increase in student achievement in a small period of
time (dt)
s = a measure of relevant student characteristics
dv(t) = new material taught in dt.

By definition, s determines how much is learnec. of what is
taught.




Intellectual skills

Verbalizable
isformation

Cognitive strategies
Motor skills
Attitudes
Teamwork, cooperativeness

General motivation to
leam

Sensza of personal campetence
Discipline

Educational Opportunities Provided
Indivicualized learning

Mastery learning

Tactile and kinesthetic learning
Real-world performance

Productive activities

Intrinsically
(relevant) activities

Creative expression
Imnediate feedback

" Darcy 1980, McKinney and Fornash

1983, Pratzner ard Russell 1934,
Campbell and Pazano 1985

Campbell znd Pazano 1985

‘Carpbell and Pazano 1985

Unfinished Agenda
Silberman 1980
Unfinished Agenda

Pratzner zd Russell 1984
McKinney and Fornash 1983

Silberman 1980
Silberman 1980

Unfinjshed Agenda
Unfinished Agenda
Unfinished Agenda

AVA 1981, -
Unfinished Agenda

Unfinished Agenda

Silberman 1980
Unfinished Agenda

Silberman 1980
Unfinished Agenda

Figure 1. Educational claims made for vocational education (excluding work-

related outcomes).
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Variation in.academic achievement among students

will . . . depend on variation in the ability and
effort of those students, and on variation in the amount
taught that represents oppcrtunities for learning. (p.
524)

Sorensen and Hallinan‘s model deals with a specified period
of time (such as a class period) during whicihh a learning opportu-
nity is available. That opportunity varies, of course, between
schools, curricula, teachers, and even instructional groups within
a classroom.

The Sorensen-Hallinan model is connected to theory of the
benefits of vocational education at a strategic point. As noted
above, a primary claim of vocational thzory is that the "hands-on"
approach in vocational classrcoms motivates students to learn.
Motivated students should exert more effort and be more attentive
to subject content. rhus, the value of s shculd be raised for
particular students in vocational classrooms who are receptive to
the “hands-on" approach. The Sorensen-Hallinan model is important
in the present repcrt fcr a second reason; it expresses an explic-
it dynamic model of learning that provides a good foundation for
more elaborate theorizing.

Research on aptitude-treatment interaction has encompassed a
wide variety of instructional treatments. For instance, learning
opportunities may he inductive (discovery) or didactic, and numer-
ous ctudies have examined the interaction of these treatments with
apility as measured by IQ. The educational opportunity is also
characterized by classroom dynamics, which can be seen as demo-
cratic or dominative in varying degrees. Teacner characteristics,
another significant element of the learning opportunity, include
divergeni. (versus conventional) thinking and other elemente of
cognitive style, such as conceptual level and field-independence.

To each learning opportunity, the indivicdual student brings a
certain ability and effort. The variable s is described as
standing for "all characteristics of sftudents and their situation
relevant for how much they learn of what is taught" (p. 523).
Obvicusly, students bring to the learning situation numeroas
relevant personal characteristics, including physical limitations,
prior knowledye, cognitive skills, and a number of capabilities
and modes of processing often discussed under the rubric of
learning style.

Identifying, formulating, and measuring even the most impor-
tant of these characteristics for use in a model of this sort is a
tremendous task. Cronbach and Snow (1977) comment that "arguments
about the complexity of the ability domain never end" p. 152).
The litwarature on personality variables that affect academic
achievement is equally voluminous. Much of it, according to
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Cronbach and Snow, has focused on anxiety, "a syndrome of self-
deprecation, expecting to fail" (p. 393), which has a significant
effect on the student's reaction to demanding tasks. Among the
other variables that appear to affect a student's response to an
educational opportunity are socia»ility, adjustment/neuroticism,
preference for certain instructional methods, and compatibility
with instructor's basic beliefs. Demographic variables--age,
gender, socioeconomic status--are also important, but, Cronbach
and Snow suggest, they are most useful when translated into
findings about the individual's psychological cqualities.

The effort a student brings to the learning situation is an
expression of motivation. Some of the student's motivation will
be supplied by interaction with the learning opportunity: as
Ausubel (1968) says, motivat:ion is inherent in the learning situa-
tion that produces educational achievement. (Other aspects of
motivation are briefly discussed in chapter 3.)

The foregoing describes some elements of two extremely com-
plex variables--educational opportunity and student characteri-
stics. A major task in working with interaction formulae is the
selection of measures to represent these variables. Fundamental
considerations in this choice will be discussed in the remainder
of this chapter.

The Value Added by Vocational Education

During the past decade a new tactic has been proposed and
explicated for evaluating ongoing educational practices--the
"value~added" approach (Bryk, Strenio, and Weisberg 1980; Osegwih
1985, 1986; EZvans and Hunter 1979). Ewell (1987) reports that
assessment is increasingly emphasized and notes that the Fund for
the Improvement of Postsecondary Education recently funded 11
projects on this subject. The ccncept of '"value-added" assess-

ment, Ewell adds, is supported by some 65 percent of college
admlnlstratorb.

The value-added terminology carries with it intrieuwing conno-
tations, but the associated methodology is somewhat narrowly
defined. 2s explicated by Bryk and associaces (1980), the concept
relies on a simple model of growth in the absence of educational
intervention. Value added is defined as "the degree to which
those exposed to the educational 'treatment' grow more rapidly
than they otherwise would have." This comparison is substituted
for comparison to a control group. Individual growth in the
absence of the treatment is estimated by extrapolating the trend
line derived from the growth model.

Adding to the general difficulty with extrapolating a trend
line, the basic model proposed by Bryk and colle:igues iz based on
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a linear trend line. Although a straight line may fit an observed
curve over a restricted range quite well, it usually diverges
rapidly from the curve when both lines are extended beyond the
time points used to fit the data. Bryk and associates recognize
these points and offer suggestions for resolving them, but their
papers are best viewed as sources of ideas rather than as
providing a rigorous framework for assessing value added by
education.

Mathematical models of change based on differential equations
offer a much more general framework for assessing value added than
the models proposed in the value-added literature. The linear
growth model proposed by Bryk can be expressed as a special,
particularly simple differential equation. Moreover, more useful
exprzssions of cnange are well understood in the mathematics
literature.

Some form of value-added assessment is no doubt useful to
vocational education. As has been noted elsewhere in this chap-
ter, meaningful assessment of vocational students' achievements is
impossible without pretest data. Evans and Hunter (1979) have
cautioned that

the precise measurement of value added by education . .
. needs to be tackled by the educational economist, the
educational psychologist, the educational philosopher,
and the educational sociologist. 2ll four groups need
to be involved, because we should be concerned not only
with the value added in terms of dollars, but also in
terms of personal worth and worth to society. (p. 68)

Osigweh (1985) similarly refers to the assessment of students'
"mental as well as personal development" (p. 131).

Although the issues of value-added assessment are complex,
the concept has immediate utility for educators. It encourages
teachers to think not in terms of a predetermined objective for a
student, but in terms of adding to the vzlue of that individual
student's education. Such a reorientation would focus more
attention on the claims made for vocational education. It would
also enable assessment of individual outcomes without one-on-one
comparison to outcomes for students in other curricula.

The Vocational Classroom

The classroom was examined in A Study of Schooling, on which
numerous articles have been based and which is described in
Gocdlad's A_Place Called School (Goodlad 1983). Goodlad and his
associates collected contextual data on ‘over 1,000 slementary and
secondary classrooms during the 1976-1978 school years. The
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overall data for secoidary schools (which does include a
proportional number of vocational classrooms) draws a fariliar
portrait of the high school classroom. Nzarly 70 perc-at of total
class time involves talk, and "teachers 'out-talk' students by a
ratio of nearly three to one" (Sirotnik 1983). Most students are
involved in passive learning, usually as a total class. Fewer
than 5 percent work individually, fewer than 10 percent in small
groups.

In a striking passage, Goodlad describes the general passivi-
ty of the classroom.

Three categories of student activity marked by passivi-
ty--written work, listening, and preparing for assign-
ments--dominate. . . . The chances are better than 50-50

that if you were to walk into any of the classrooms in

our sample, you would see one of these three activities

under way. . . . We saw a contrastingly low incidence of
activities invoking active modes of learning. Except in

the arts and vocational education, students were not -
very often called upon to build, draw, perform, role

play, or make things. (Goodlad 1983, p. 105)

Table 1 uses the data summarized in Sirotnik's (1981)
technical report to compare academic and vocaticnal classrooms.
The cclumn headed "academic!" includes English, math, social
studies, science, and foreign language classrooms. The second and
third columns contain the means for English and math classrooms.

- e e - e - e

Two major differences between academic and vocational class-
rooms are immerdiately noticeable. First, the vocational classroom
is less auditory; there is substantially less learning through
listening to words, represented in the second category. 1In fact,
the vocational classroom is less verbal altogether, giving less
time given to discussion, reading, and even test-taking than does
the academic classroom. Second, in the vocational classroom
considerably more time is devoted to practice of psychomotor
skills. These findings support one of the key claims of vocation-
al educators cited earlier in this paper--that vocational class-
rooms offer a distinctive style and context. This emphasis on
practice probably is the single most important feature of the
vocational classroom, with implications of motivation and with
special appeal of students with particular learning styles.

s In math courses, a higher than average amount of time is
given to lecture, and 27.2 percent of class time is spent on
written assignments. English cuourses are also highly verbal; 6.1
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TABLE 1
SECONDARY VOCATIONAL AND ACADEMIC
CLASSROOM ACTIVITIES

Activity Academic _English Math Vocation

Setup, cleanup, 12.3 i 13.8 11.5 12.9
instructions » -

Explain, lecture, 30.6 27,2 35.3 19.0
read aloud

Demonstration 1.4 0.7 3.0 2.1

Discussion 6.6 9.7 2.2 3.5

simulation}}ole playing .1 0.3 0.0 0.0

Reading 2.4 6.1 0.4 .8

Work on wiritten 17.8 18.4 27.2 17.7
assigrents

Practice, performance 4.1 1.8 3.3 29.6
psvchomotor o

Practice, performance 6.3 1.3 0.8 2.2
verbal

Taking test or quiz 8.0 9.1 8.5 3.9

Audio visual 2.7 4.1 0.0 1.9

Off task 7.3 7.2 7.6 5.8

j Discipline .1 0.0 0.0 0.2

SOURCE: Adapted from Si.otnik (1981).
NOTE: Columns may not total 100, due to rounding.




percent of the tire is spent eon reading and 9.7 percent on discus-
sion. As a later secticn will review, these modes of learning are
especially difficult for some students who may have difficulty
acquiring basic skills unless they can learn them another way.

In summarizing the data for 21l classroowns, Sirotnik (1983)
says,

the modal classroom patterns consist of (1) the teacher
explaining or lecturing to the total class or to a
single student, asking direct, .actual questions, or
monitoring students; and (2) the students ostensibly
listening to the teacher or responding to teacher-
initiated interaction. (p. 21)

The data show that the vocational classroom offers an alternative
to this pattern.

Technical Skills Practice

Practice is the "applied learning" of which The Unfinished
Agenda speaks. It is also the distinguishing feature of the
vocational classroom, lending it numerous charcacteristics of
importance to learning, and affecting instructional style.
Sirotnik's data (see table 1) show that psychomotor practice
occupies only 4.1 percent of the time in academic classrooms and
29.6 percent of the time in vocational classrooms. 9nly about 2.6
percent. of basic skills (English and math) instructional time
involves psychomotor practice.

Table 2 displays these findings in terms of peicentage of
engaged learning time--that time not spent in setup and cleanup,
discipline, and miscellaneous off~-task activities. Viewed this
way, the difference is even more striking: academic classes
overall spent 5.1 percent of their engaged learning time on
psychomotor practice, compared to 36.5 percent for vocational
classes, and spend more time on verbal practics.
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TABLE 2

SECONDARY VOCATIONAL AND ACADEMIC CLASSES
PERCENTAGE OF ENGAGED LEARNING TIME
DEVOTED TO PRACTICE OR PERFORMANCE

Practice Practice

Performance- Performance-

Verbal Psychomotor
Acadenic 7.9 5.1
Vocational 2.8 36.5

SOURCE: Adapted from Sirotnik 1981.

Weber et al. (1988) recently completed a 2~year study of the
processes that take place in secondary vocational classrooms.
Data were collected in 120 schcols and approximately 900
classrooms through questionnaires, interviews, and direct observa-
tion. This study showed an even higher relative proportion of
vocational class time spent in the practice of technical skills- -
57 percent, with 29 percent spent on theory-related situations.

How much does time spent on practice vary frem ops vacational
service area %o another? Vocational classrooms were observed by
Halasz, Behm, and Fisch (1984). Table 3 presents their findings
in regard to technical skills practice. In all three areas exam-
ined, about half of all learning time was devoted to. practice.

TABLE 3
SECONDARY VOCATIONAL SERVICE AREAS

PERCENTAGE OF TIME ON TASK
SPENT ON THEORY AND PRACTICE

Service Area Theory Practice
Agriculture (2 classes 30.66 55.49
Business and Office (3 classes) 23.99 51.59
Trade and Industrial (4 classes) 33.08 50.65
average for all 29.24 52.58

SOURCE: Adapted from Halasz, Behm, and Fisch (1984).
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Classroom organization is also important to learning. For
the great majority of all classroom time--75 percent---secondary
students work as a total class. Students overall work individual-
ly less than 5 percent of the time and in small groups less than
10 percent of the time (Sirotnik 1983).

The vocational classroom shows a markedly different pattern.
Th2 secondary vocational students observed by Halasz, Behum and
Fisch (1984) spent 80 percent of their time in class working
individually or in small groups. Weber et al. (1988) found that
vocational students worked in small groups 24 percent of the time,
compared to 11 percent for nonvocational students. Further,
vocational students .orked on activities that provide a high
degree of autonomy 56 percent of class time; : “nvocational stu-
dents did so only 11 percent of the time. G: uping has direct
implications for instructional method. Because vocational stu-
dents spend so much time working individually, one-=on-one instruc-
tion is far more common than lecture. Halasz, Behm, and Fisch
(1884) found that secondary veccational teachers spent about i3
percent of their time providing one-on-one instruction and less
than 3 percent lecturing.

competency-Based Vocational Education

Between 60 and 80 parcent of all secondary vocational <lass-
rooms use competency-based vocational education--a highly systema-
tic approach to mastery l¢arning (Weber et al. 1988). Mastery
learning assumes that most students can learn

if instruction is approached sensitively and systemati-
cally, if students are helped when and where they have
learning difficulties, if they are given sufficient time
to achieve mastery, and if there is some clear criterion
of what constitutes mastery. (Bloom 1978, p. 4)

CBVE accommodates individual differences in learning style
far more readily than does a group instructional format. 1In
particular, as Knaak (1983) notes, CEVE allows students to learn
at their own rates: Some students need much more time than others
to learn, a difference observed by Blcom (1976), who found that
some individuals teook five times as long as otrers to master a
task. In fact, adequate time to learn may be more important than
intelligence as measured by standard tests (Shuell 1986). Time to
access information may also be a significant factor im achieve-
ment. Hunt, Frost and Lunneborg (1973) tested the arount of time
subjects required to access overlearned information; postsecondary
students who scored in the lower quartile on a stancdard verbal
intelligence test took about 40 percent longer to do so than
students in the upper quartile. The vocational classroom that
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uses CBVE offers students the opportunity to learn and to access
and apply what they know at their own rates.

Flexible rate of learning is not the only important feature
of CBVE. Competency-based instruction provides a logical, system-
atic structure for learning that makes learning easier for stu-
dents with certain cognitive characteristics. 8now (1577) found
the performance of low-ability students greatly improved in a
relatively structured learning environment. A leading learning
style theorist, Gregorc (1982), describes the learning style that
emphasizes sequential, as opposed to random, ordering. A
preference for sequence, he says,

disposes your mind to grasp and organize information in

a linear, step-by-step, methodical, predetermined order.

Information is assembled by gathering and linking ele-

ments of data . . . in a cliain-like fashion. (p. 5)

CBVE is characterized by the use of fixed performance crite-
ria, and an independent reward structure is built into any such
teaching system (Slavin 1977). The student succeeds not through
others' success (the cooperative structure) and not through

besting others (the competitive structure) but through meeting
defined criteria.

The vocational classroom that uses CBVE is not necessarily
free of competitiveness. Competition is encouraged in any class-
ryom in which teachers grade on the curve, which means that one
student's success is linked to another student's failure (Michaels
1977) . One outcome of competitiveness is that students may not
only withhold help from their peers but may even hinder one
another (Slavin 1980). It is understandable, then, that peer
sanctions oppose high performance in competitive reward struc-
tures. This peer opposition to success is very important in
schools (Coleman 1961). Its special importance in delinquent
groups (Graubard 1969) may mean that students with delinguent
behavior stand to benefit particularl)y from competencv-based
vocational education in a noncompetitive classroom.

Competitiveness increases individual performance under some
circumstances, but when competitors are poorly matched there is
very little motivation to achieve (Slavin 1980). It is not diffi-
cult to imagine this Aynamic in the traditicnal academic class-
room. Suppose students in a high schooil civics class are discus-
sing a current event. Low-verbal students who need time *o access
what they know and time to reflect may perceive themselves at such
a disadvantage that they make no effort to join in. Other person-
al characteristics, such as low self-esteem, may exaggerate a
student's inability to perform in competitive situations of this

kind. CBVE, however, allows the student to perform without this
competitive disadvantage.
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Competency-based learning, then, has features of special
importance for students who learn slowly, those who learn best
when information is strictly organized, and those whose learning
is negatively influenced by competitive reward structures.




CHAPTER 3
THE EFFECTS OF VOCATIONAL EDUCATION: EMPIRICAL FINDINGS

by Jeanne Desy

Basic Skills in the Vocational Curriculum

Too little information is available on the basic skills
achievements of vocational students. Corman found in her 1980
review of research that there were no data comparing vocational
students' basic skills at entry and completion, and that almost
nothing was known about the differential competencies of students
in d. fferent programs.

Overall, the basic skills levels of vocational students are
"generally below the average of the entire student population"”
{Greenan 1983). These students score about one standard deviation
below academic students (ibid) and one-half . *andard deviation
below all secondary students (Weber and Silvani-Lacey 1983) on
basic skills measures. .

Can kasic skills be taught effectively in vocational pro-
grams? Weber and Silvani-Lacey examined empirical data on 11
programs for portential and actual dropouts. They found that when
these students participated in vocationally oriented programs with
explicit basic skill components, their basic skill levels in-
creased an average of half a standard deviation. They stressed
that these successful programs used “an integrated vocational-
academic approach to curricular content and structure" (p. 11).

In recent years, the need to integrate basics into the voca-
tional curriculum has been much discussed. Classroom observation
has revealed a dismaying lack of emphasis on basic skills.
Halasz, Behm and Fisch (1984) found that the secondary vocational
students they observed spent only .7 percent of their classroom
time on basic skills.

There are practical and immediate reasons for emphasizing
basic skills in the vocational classroom. Bishop (1986) points
out that basic skills improve productivity in many jobs, including
jobs for which high school vocational education prepares students.
Greenan (1983) focused on the student's need for core generaliz-

able skills required simply to succe~d in the secondary vocational
program.

Greenan, among others, has urged that basic skills "be relat-
ed directly to vocational education programs and services and the

expected outcomes" (p. 47). Pratzner (1984) also argques for
broadly applicable skills but believes "the focus should be in
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strengthening vocational education's contributions to general
education" (p. 5).

This last comment probably reflects the prevailing attitude
toward basic skills in the vocational classroom. In discussing
future trends, Lewis (198&) notes that pressure from the education
reform movement has been pushing vocational education "away from
specific occupational training and toward general educational

goals" (p. 2). Feldman (1986) also sees the basic skills issue in
a broad context:

As education has become more universal, as we have
sought to make education more accessible to more people,
the need to integrate vocational and liberal education
has become more urgent. (p. 53-54)

Learning through Application

In her extensive review of research, Corman (1980) found that
"evidence to support or refute the claim that basic skill
instruction in a vocatlonal context improves basic skills of
vocational students is extremely limited" (p. 22). Yet, +here is
a widespread belief that, as Bishop (1986) states,

vocational courses sometimes contribute more to the
development of basic skills than watered-down courses in
academic subjects. (p. 99)

Ludeman (1976) assessed the mathematics perfoimance of 16,000
students in Minnesota and concluded that vocational educanlon
students perform somewhat below average in working with more
advanced and thceosretical concept. and better than average in
practical appllpatlons of math. 1In the absence of data on entry-
level skills, this is only an indication that the actual use of
basic Skllls may facilitate certain kinds of learning, but that

concept is in line with common sense thinking about learning
through doing.

Experiential learnlng has also provided some indication of
the value of learning through application. In a passage worth

quotlng, Hedin (1983) claims that learning through doing has
serious educational wvalue.

Schools, espec1ally seconu.ry schools, give priority to
teaching and learning through symbolic, abstract, assim-
ilative systems. How successfully they do so is open to
question. But even if some success is granted, the
schools clearly have fallen short in helping students
uevelop their active experiential modes of learning.
They may have learned to read a book and to comprehend a
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lecture and may have accumulated a storehouse of dispa-
rate facts, but how practiced are they in applying this
knowladge, how capable of reading and comprehending
their own experiences--the skills and processes they
will be called on to use most often in their adult
iives? Thus, to urge aore active participation is not
just to make a plea for more satisfying educational
experiences, or even more broadly educated adults. It
is to take a stana on the fundamental skills which
students must have for thinking about and dealing with
their world. (p. 12)

Hedin reviews a number of studies of the impact of experience
on academic learning, dealing with programs that are not in the
vocaticnal education curriculum, but that offer learning-through-
work experiences outside of the classroom. Such programs usually
give students the opportunity to apply what they know, and in this
important respect are similar to vocational education. Hedin
concludes that experiential learning can---

o increase motivation,

o involve students in gathering original data and in reality
testing,

o give students experience in transferring knowledge to new
situations,

o engage students in critical thinking and problem solving,
and

o provide useful feedback.

She points out that "the most well documented and strongest aca-
demic benefits of experiential learning come from a form of it
that is most 'school like! in orientation" (p. 20), a comment thazt
has important implications for vocational education.

Research on learning-in-work also suggests that application
is a meaningful element in certain kinds of learning. Crowe and
Harvey (1980) studied the retention of mathematical concepts in a
traditional school program and a learning=-in-wor): program. They
found that although basic skills could be learnzd equally well in
either environmert, the pattern of learning-forgetting differed,
in particular for math concepts. In discussing these results,
Miguel and Crowe (1983) suggest that the two environments have a
conplementary effe>t and learners may benefit from the alternation
of these opportunities.

Ausubel (1980) states that "learning-in-work environments are
more likely to result in meaningful learning and retention" (p.
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E-20). Noting that application is a necessary part of vocational
training, he points out that it must oe accompanied by expository
teaching methods and carried out with genuine understanding.
still, he says, nknowledge acquired in 'real-life' learning
environments has greater proximate, immediate, perceptible, and
personalized relevance" (p. E-21).

Ellis (1980) examines the wWays learning through experience
influences retention. citing research in this area, he claims
that recall is substantially enhanczd if we generate an answer
(the generation effect). Task variety also increases performance
and recall (the variability effect).

The teaching-learning process is clearly different in the
vocational classroom, involving much more skills practice and
application of knowledge than the academic classroom. It seems
reasonable to generalize that this difference ‘can and does assist
the educational process in ways that have not always been systema-
tically studied but are, nevertheless, real.

Other Noneconomic Effects

To date there has been 1ittle empirical research with the
primary objective of assessing nonegenomic outcomes of vncational

s

education. The idea that the benefits of schooling of any kind--
acadlemic or -rocational--must be assessed against economic criteria
is deeply embedded in American culture (see Spring 1976). Yet,
confining attention to direct economic benefits measured by wage
and hours differentials is unduly restrictive. Haveman and Wolfe
{(1984), for example, catalogue 21 potential noneconcmic benefits
of schooling. These include quality of child care, marital choice

and stability, crime reduction, social cohesion, charitable
giving, and capacity to learn.

Grasso and Shea (1979a) focus on economic outcomes of voca-
tional education, but they also examine outcomes such as post-high
school training and education and various psychological attitudes,
including belief in adequacy of schooling, perceived economic well
being, and perceived chance of reaching occupational goals. They
found that a vocational program of study in high school depressed
thz amount of schooling completed after leaving high school, even
after controlling for educational aspirations expressed while in
high school. This finding held for the total sample of males and
females when the contrast was to college preparatory students.
Also, males in vocational programs reported less college than
those in the general program, although females did not.

Using self-reported curriculum, Grasso and Shea (1979a) also
found that vocational students are less likely to be dissatisfied
with their level of educational achievement than general students
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(except black males). Male vocational students expressed greater
satisfaction with the progress of their careers than did general
students. Differences between vocational and general students in
educational expectations measured after high school, satisfaction
with their high school education measured after leaving high
school, and perceived likelihood of realizing occupational goals
were negligible.

Two studies fron the National Center for Research in Voca-
tional Education examine the effects of vocational curriculum on
selected noneconomic outcomes. Campbell and Basinger (1985)
report small and generally insignificant regression coefficients
associated with vocational concentrator, limited concentrator, and
concentrator-explorer where attendance at any postsecondary insti-
tution was the dependent variable. Their estimates rely on NLS
Youth data and Probit analysis. Academic curriculum, they found,
positively affects postsecondary attendance for all but minority
males.

Hotchkiss and Dorsten (1986) reports small negative effects
of vocational education on test scores in the HS&B sample. He
also reports negative effects on level of educaticnal and
occupational expectation, and on college attendance. The negative
effects on college attendance and years of schooling completed are
replicated by Hotchkiss in the NLS sample.

One of the strongest claims for vocational education has been
that it helps to prevent school dropout (Mertens, Seitz, and Cox
1982)--a pivotal hypothesis. A massive literature has arisen in
connection with the dropout problen; yet in spite of the pervasive
view among vocational educators that vocational education helps to
prevent dropping out, few studies not specifically designed to
assess vocational education outcomes include any mention of voca-
tional education. For example, of nine papers in the spring 1986
Teacher's College Record, a special issue devoted to dropout, only
one pays any attention to vocational education (Hamilton 1986).
Hamilton's paper is interesting in view of the vaucity of research
attention outside of wvocational aducation paid to the influence of
vocational studies on dropping out. Hamilton reviews a number of
programs designed to prevent dropping out. 1In spite of the
inconclusive nature of research on the topic, Hamilton concludes
that vocational education is zn important component of most of the
successful dropout preventicn programs.

Econonic Effects

Early research on the economic benefits of vocational educa-
tion concluded that the benefits were generally small (Grasso and
Shea 1979; Woods and Haney 1981; Meyer and Wise 1982; Meyer 1982.)
Most of the early research was based on student self-report of
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vocational track and omitted any consideration of whzther

the job a youth obtained following high school was training relat-
ed. More recent studies have used a conceptually sophisticated
stchema based on high school transcripts to define vocational study
in high school. Campbell and coauthors (1985a; 1986) find strong
effects of vocational training on labor market outcomes after
leaving high scheool, provided that training related employment is
secured.

There are serious limitations to past work. First, none of
the studies assess economic bhenefits for more than a few years
following high school; empirical studies demonstrate the impor-
tance of observing earnings profiles uver time (Meyer 1981; Haller
and Spenner 1977). The conclusion to be garnered from both theory
and observation is that adequate assessment of the impacts of
education and training on economic outcomes requires lengthy time
series on the economic outcomes.

Furthermcre, high school education is a complex system. To
date no study has adequately integrated tests of various aspects
of vocational education. The Campbell studies (Campbell et al.
l985a; 1986), the most adequate evaluation of labor market
outcomes of vocational education, do not investigate effects of
vocational specialty.

Adequate assessment of the impact of vocational education
requires not only detailed data, but also careful formulation of
concept: and theory. An important aspect of continuing research
on tiie economic impact of vocational education, therefore, must be
careful attention to the theoretical basis ¢f the empirical re-
search. In spite of the strong a priori reasons for the expecta-
tion that different types of individuals benefit to varying
degrees from vocational education, little empirical investigation
of this issue has been carried out. Such research will require
large samples as well as precise measurements that are not avail-
able even in existing national surveys such as The High School and
Beyond (HS&B) and the Class of 1972.

The Motivating Power of Vocational Education

As noted earlier, one important claim for vocational education is
that it motivates students in ways the other curricula cannot. Arn
examination of the literature on motivation suggests that this is
probably true. Vocational education offers both incentives and
tasks that have the potential to motivate students who are unmoti-
vated tou learn in the traditional classroom enwvironment.

Motivation is not usually seen as an isolated feeling or
fixed personality trait, but as a behavioral pattern subject to
change. The motivational cycle can be represented in a simplified
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form in which personal investment leads to performance, and the
reinforcing payoff leads to further investment.l

personal investment

N

payoff - performance

Figure 2. The motivational cycle

Maehr and Archer (1987) present a more complex model that includes
intervening factors that influence performance. Personal invest-
ment, according to Maehr and Archer, is evidenced by choice (deci-
sion to do the task), persistence, and activity level. This
motivation not only leads to performance, but will be influenced
in the future by the perceived outcome (the payoff; the perfor-
mance appraisal). The performance itself may also be intrinsical-~
ly satisfying and thus increase motivation for future action.

When educators discuss motivation, it is with a concern to
harness and enhance existing motivation. This can be done through

supplying (extrinsic) incentives and building (intrinsic) task and
achievement motivation.

Many of the claims for vocational education's motivational
power refer to the intrinsic and extrinsic rewards of technical
skills practice. Mastery learning, especially competency-based
vocational education (CBVE), usus goals that are specific and
proximal (quickly achieved). Much research has established that

1It is interesting to note that a system such as shown in figure
2 will, if represented by ‘a system of three linear differential
equations with constant coefficients, achieve a stable equilibrium
provided that the product of the feedback loops of each variable
on itself is negative and larger in absolute value than the prod-
uct of effects of the variables on one another (as depicted by the
arrows). The larger the cycle of reinforcing effects shown in
figure 2 relative to the negative feedbacks of each variable on
its own change over time, the higher the equilibrium level of all
three variables. Viewed in this way, the goal of education is to
structure learning so as to achieve a maximum equilibrium level.
In concrete terms, this means that effective education (1} en-
hances the connection between personal investment of students and
their performance, and (2) ensures a close connection betwecn
performance and payoff. The ccnnection between payoff and person-
al investment probably is-not subject to outside influernces.




the properties of specificity and proximity are motivating. To
pbegin with, people are more 1ikely to accept goals when they
pelieve they can attain them (Mento, cartledge, and Locke 1980).
Perhaps for this reason, specific performance standards lead to
higher periormance than do general goals (Locke et al. 1981) ; the
same is true of proximal goals (Bandura 1977). Goals with these
characteristics, because they are achievable, also promote self-
efficacy (Bandura and Schunk 1981), and self-efficacy affects
subsequent achievement (Schunk 1984a). Well-designed mastery
learning makes use of these motivating elements.

Feedback is usually integral to technical skills practice;
results are often apparent as the student works, even without the
teacher's appraisal. Ausubel (19£)J) notes that feedback not only
suprlies cognitive reinforcement, but enhances existing motivation
by increasing attention, self-confidence, and perseverance. The
motivational cycle in technical skills practice may be very short:
the student sees results (is able, in word processing, to move a
block of text to another place in the file), feels more competent
(immediate payoff), and is moved to increase personal investment
in further performance (learning to move text to a new file). The
came cycle operates in an academic classroom, but there it is
possible fcxr 2 student to work without feedback for weeks on end.

This lacx of feedback was one of the chief criticisms of the
academic classroom made by Goodlad and others who worked on A
study of Schools. sirotnik (1983), with reference to data from
that study, says,

corrective feedback is rarely observed, particularly at
the secondary level. Providing corrective feedback in
combination with additional information designed to
help students understand and correct their mistakes is
almost nonexistent. (P. 20)

In technical skills practice, the perceived outcome is close to or
coincident with the performance of the task.

A distinction is commonly made between the incentive motiva-
tion (or reinforcement) supplied by external performance ,candards
and the more internalized task and achievement motivation. Task
motivation theory emphasizes cognitive motives and feeling states
such as curiosity, exploration, and mastery (Gagne 1977). Katz
and Kahn (1978) dercribe this motivation:

People do derive important satisfact{on in the expres-
sion of their skills, in interesting and challenging

work, and in the sense of accomplishment from succes=
sful performance of such tasks. (p. 366)
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Task mastery is ego-enhancing (Ausubel 1968); the perception
of personal competence directly affects self-esteem. This means
that "unmotivated" students (students who are not motivated ini-
tially to invest in learning) can develop motivation through
performance. The positive feelings experienced with achievement
(the payoff) can lead to increased interest in performance and
become "a most dependable source of continuing motivation" (Gagne,
1977, p. 291). This effect depends on attribution; achievement
motivation is highest in people who at%ribute their success to
something they have done (Weiner 1984:. The concrete tasks of
technical skills practice are related o the student's effort in a

very direct, obv:..ous fashior. It is easy to ses who controls the
outcone.

One of the most nebulous and persistent claims made for
vocational education is "relevance." Perceived relevance is a
matter of the value attached to the task, & value that has refer-
ence to personal needs and gvals. The student decides to invest
energy in a task because & cognitive appraisal suggests that a
desirable payoff will result, desirable with reference to person-
ally held (not socially mandated) goals.

When "relevance" is cited, students may be referring to
emotional satisfactions inherent in the task ("I like to work with
wood") or to outcome expectations ("This will get me a job with a
builder"). 1In any case, the student is expressing the belief that
this course or curriculum offers something of real personal
value~--not someone else's outcomes, but his or her own internali-
zed goals. Obviously, schools must demand many tasks of students
in which students have no such interest; educatcrs, representing
society, design curricula with reference to distant outcomes young
people are not equipped to evaluate. But the student's perception
of relevance, when it exists, should be seen as a present motiva-
tion that can be a powerful force for learning.

There is evidence that students in general do see vocational
training as relevant to their needs. A Study of Schooling asked
15,000 students what function seemed to bhe most emphasized at
their schools--intellectual development, social responsibility,
personal development, or vocational development--and what should
be emphasized. The students said that the intellentual is most
emphasized, and that the vocational should be given equal or
greater weight (Goodlad 1983).

The motivating power of vocational courcework can also pe
inferred from other data in Goodlad's study. The students sur~
veyed perceived themselves as having the greatest decision-making
role in three subjects--the arts, physical education, and voca-
tional education. Perceived locus of control is one of the most

important factors in achievement behavior, according to Maehr and
Archer (1987).
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These subjects were also seen as "more satisfying’” than
academic subjects {(Goodlad, p. 115). Students liked vocational
and career education more than any subject except the -ts and
rated it third in importance, after math and English, a ng all
subjects. In terms of interest, vocational and career e ication
was again in the top three, after the arts and physical education.
Goodlad comments that a similarity between these three subjects
and foreign language study (also well-liked; "is that they provide
models against which to c¢heck one's own performance rather quick-
ly" (p. 119). In other words, these subjects provide the frequent
reinforcement and feeling of self-efficacy that builds a~hievement
motivation.

A study by Campbell et al. (1987) discusses "the conventional
wisdom that tangible tasks in which accomplishment can readily ke
perceived are sources of greater satisfaction for most peopie than
abstx2tt and uncertain accomplishments." This study briefly
examined student attitudes toward learning, using information
obtained from debriefing interviews with observrers in wWeber's
Classroom Dynamics Study of nearly 700 vocational classrooms
(1988). .

The pattern Campbell et al. found confirms Goodlad's data:
in both area vocational schoels and comprehensive high schools,
students in vocational classrooms seemed to have a more positive
attitude toward learning than their academic counterparts. Fur-
thermore, overall school climate (learning environment) was rated
significantly higher for area vocational schools than for compre-
hensive high schools.

Maehr and Archer (1987) state that "at the heart of personal
investment theory is the contention that students invest
themselves in learning tasks as they see meaning in those tasks"
(1987, p. 30). They also point out that, while motivation is not
the only variable in classroom achievement; it is extremely
important, accounting for between 1) and 20 percent of the
variance in achievement. Moreover, motivation is a variable over
which educators have some influance (in contrast to such factors
as SES or ethnicity). The motivating aspects of the vocational
classroom experience offer students a valuable opportunity and
incentive to achieve and to build self-efficacy and general
motivation for learning.




CHAPTER 4

INTERPRETATION AND
STANDARDIZATION OF INTERACTION EFFECTS

by Lawrence Hotchkiss

A variety of substantive contexts in sociology and other
social science disciplines leads one to expect nonadditive and/or
nonlinear specifications in a structural model. For example,
Sorensen and Hallinan (978, 1986) propose a formal model postu-
lating that "ability and effort” interact with "opportunities for
learning” to generate learning outcomes. The relationship between
age and earnings is routinely specified as parabolic (Mincer
1974) . Race and gender interactions in stratification processes
have been the subject of much study (Treiman and Terrell 1975;
Portes and Wilson 1976; Parcel and Mueller 1973. Educational
theory and research frequently have postulated aptitude-by-
treatment interactions in determining learning outcomes (Cronbach
and Snow 1%77). The often cited Ccbb-Dovglas production function,
though linear in the logarithms of all variables, is both
nonadditive and nonlinear with respect to each independent
variable in its antilog representation. Bohrnstedt and Marwell
(1977) give several additional examples of theory that predicts
nonadditive relationships.

There is little doubt that souial science theorizing often
suggests nonadditive and/or nonlinear relationships, yet few such
relationships are well established in the literature. It appears
likely that one important reason is that methodological and
conceptual difficulties are exacerb..ed with each departure from
the standard linear specification.

In recent years, important steps have been taken to help
improve interpretation and testing of nonlinear and nonadditive
models. In perhaps the most important paper on the topic,
Stolzenberg (1979) shows appropriate methods for interpreting and
testing both nonlinear and nonadditive regression models. He
defines effect as a partial derivative and suggests useful
standardization procedures. Marsden (1981) clarifies proccedures
for testing for interaction effects and gives a cogent expcsition
of appropriate interpretation of product terms in regression
equations. Allison (1979) corrects past misperceptions regarding
statistical tests for interaction effects and argues persuasively
that all "main effect" terms generally must be retained in a
regression model containing ore or more product terms--to adjust
for the arbitrary metrics of the independent variables.l

1Allison argues that main effect terms may be omitted only in
special cases where all independent variables are ratio scales
(origin naturally defined) and theory indicates that the main
effects should be omitted.




Tate (1984) demonstrates the advantages and limitations of
subtracting the mean from each independent variable before forming
a product term and shows the correspondences between parameters
estimated using an arbitrary metric for the right-side variables
and parameters estimated with all right-side variables centered to
zero mean. Stimson, Carmines, and Zeller (1981) also review
appropriate test procedures for use with polynomial regression and
demonstrate how interpretation of the results may be simplified by
translation of scale on the X-axis.

Bohrnstedt and Marwell (1977) develop key algebraic
relationships involving the reliability of a product term. Heise
(1986) shows how to correct interaction models for measurement
error, allowing for correlated errors, and presents simulation
results of the performance of his formulae.

In summary, three important achievements have resulted to
date from work on nonlinear specifications. First, appropriate
procedures for testing nonlinear/nonadditivs models have been
clarified. Second, appropriate metiods for interpreting effects
from nonlinear/nonadditive models have been elucidated. This
achievement is particularly important in view of the confusion
that formerly reigned in the usage of terms like "main effect" and
"interaction effect." Finally, important initial steps have been
taken toward assessing the impact of measurement error on estima-
tion of nonlinear/nonadditive models.

In spite of encouraging progress, there remain important
issues that deserve attention. First, methods for assessing the
magnitude and variaticn of effects over a sample or population
have not been fully expounded. Second, the impact of dynamic
cycling of "cause and effect" on estimation strategies does not
appear to be widely recognized. Linear specification of a dynamic
model remains linear even after any number of cause-and~-effect
cycles, but nonlinear/nonadditive specifications do not retain
their original functional form (Tuma and Hannan 1984). Third,
much remains to be investigated regarding the impact of measure~
ment error on nonlinear/nonadditive estimation.

This paper addresses the first issue, primarily because it
is, by far, the most tractable of the three and because clear
interpretation of nonlinear/nonadditive effects provides an
important basis for addressing the other two issues. When the
linear model is not in place, effects are no longer constant over
a population. Analysts, therefore, must decide how to summarize
them. This paper shows how to zalculate useful summaries of the
magnitude and variation of effects and suggests standardization
procedures for assisting with the interpretation of results.
Revised formulas for calculating standardized coefficients in
nonlinear and nonadditive equations are shown to be at once
invariant under linear change of scale and easily interpretable.




As might be anticipated, the summary measuras often depend in
a straightforward way on coefficients associated with various
terms in an equation. Thus, these coefficients are given clear
meaning. For example, the revised standardized coefficients are
consistent with Stolzenberg's definition of standardized effects.
The standardised coefficient associated with a linear term in a
simple product model is shown to be the average effect in
standardized metric (standard deviation units), and the absolute
value of the standardized coefficient associated with the product
term 1s shown to be the standard deviation of the effects over the
sample (or population).

continuous Variables and Interaction

Consider first the simple product model to represent the
interaction of the effects of two independent variables (x and z)
on an outcome (y).

y=a+bx + cz + dxz + u R

where a, b, ¢, d are constant parameters and u is a disturbance
independent of x and z. All variables are assumed to be
continuous variables. Frequently, a third independent variable is
defined by the prcduct of x and z--v = Xz, and [l] is rewritten

y=2a+bx + cz + dv + u. {1la)]

This form of the mndel can be deceiving because it generates the
temptation to intorpret the multiplier coefficients (b, ¢, 4d) as
independent indexes of "main effects" (b and c) and "interaction
effects" (4).

The confusion stemming from this type of interpretation is sc
common that the main point of clarification given by Stolzenberg
(1979), Allison (1977), Marsder (1981), Tate (1984), and others
bears repeating. The key point is this: the variable v cannot
vary if both x and z are constant because v = xz. Therefore, it
is incorrect to interpret d in the usual sense in linear
regression, as the "effect" of u with x and v constant. Likewise,
for the same reason, the coefficient b cannrt be viewed as the
"main effect" of x with both z and v constant, nor can c be
interpreted as the effect of z with x and u constant. An
important derivative point is that a simple translation of scale
(adding/subtracting a constant from all values) changes the

coefficients associated with the linear terms in the equation (b
and c).

By the partial derivative rule (Stolzenbexg 1979), ae effect
of x on y in equation (1) is--

dyx = b + dz [2a]

and the effect of z on y is
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where qyy is used to denote the effect of x on y and dyz denotes
the effect of z on y. Neither one of these effects is” coastant
across individuals, unlike effects in a linear model. It thexr~-
fore seems useful to gfummarize their central tendency and varia-
tion. The mean and standard deviation are the two most commonly
used measures of central tendency and variation. Their values for
Qyx and Qyz are

Eqyx = b + dEZ [3a)
Eqyz = ¢ + dEX [(3b]
o (dyx) = |dlo(2) . [4a]
o (dyz) = ldjox). [4b)]

where E is the expected value operator, and o(.) stands for
standard deviation. It is useful to note that the average effects
are precisely the effects evaluated at the mean of the independent
variables. Evaluating effects at the means is a common practice
among economists when interpreting probits, logits, log transform-
ed equations, and many other nonlinear functional forms.

TFf x and z are standardized to zero mean and unit variance,
equations (1) and (2) still hold, but (3) and (4) simplify consi-
derably. To avoid confusion, let pyyx, Pyz indicate effects when
all variables are standardized to zero mean and unit variance, and
let the corresn.nding coefficients be indicated by an asterisk.
The mean and standard deviation of effects can now be written as
follows:

Epyx = b* [5a)
Epyz = c* [5b)
o (Pyx) = o(Pyz) > la*]| (6]

Now the terms commonly called "main effects" (b* and c*) znd
"interaction effects" do !ave a clear interpretation. When all
variables are standardized, the so-called main effects are average
effects, and the interaction : ffect is the standard deviation of
those effects.

Marsden (1981) argues that "it is probably best to abandon
efforts to compare the relative importance of main effects ard
interaction terms" (p. 110). His argum2nt is certainly courrect in
the sense that neither main-effeci mor interaction-effect terms
index effects as defined by the partial derivative rule.

Moreover, the relative magnitude of the two types of effects can
be altered by a simple translation of scale. On the other hand,
equativns (5) and (6) do provide a viable basis for making
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comparisons between the main effects and interaction effects.
When variables are in standardized metric, the comparison gives
the degree of variation in effects relative to the mean effect.
The coefficient of variation (o(p )/Epyx = |d*|/b*), for
example, provides a convenient numerlc summary. As will be seen
momentarily, however, the sinmple expression for the standard
deviation of effects given ty equation (6) becomes substantially

more complex when more independent variables are added to the
rodel.

It is critical to distinguish between the coefficients in a
nonlinear model where all variables are standardized (such as
equation [1] subject to==- py = py = 0, and oy = oy = o¢
= 1) and the standardized coefficients that result from applying
the formula for a linear model to coefficients in a nonlinear
model like {(1). "t is the latter type of coefficient that is
routinely produced by regression programs. These coefficients are
virtually uninterpretable for a nonlinear model. They are
calculated on the assumption that %, z, and v (e.g., [la]) each
has a standard deviation of unity. However, since v = xz its
variance is as follows:

Bx = pg =0

02 = Ex2z2 - c2, o 10
x =0z .

where cy; stands for covariance of x and z. If x and z are
independent and oy = 0z = 1, then Ev2 will equal one;

otherw1se, it generally w111 not. Hence, in general, assignlng a
variance of unlty to v is inconsistent with setting the variance
of x and z to unity. Consequently, standardized coefficients

based on the assumption of unit variance for v have no clear
interpretations.

Simple formulas can be derived to calculate a*, b*, c* , and
d* from a, b, ¢, and d. These are--

1

a*x = [a - (py - bpx - Cpg = dﬂxﬂz)] [7a]
9y
’ .

b* = —% (b dujp) [7e]
9y

c* = 22 (c + Auy) [7c]
9y

g% = 0%z 4 [74]
oy




Note that a* generally will not be zero. Only if x and z are
uncorrelated, so that Exz = pypy, will a* = 0.

The effects of the model in standari form can readily be seen

by writing (1) again for the transformed variables and calculating
the partial derivatives

y* = a* + p*x* + c*z* + da*x*z* [8]
pyx = b* + d*z* [9]

where y ‘ x* , and z* have all been standardized to zero mean and
unit variance, and x denotes the standardized effect of x on
!.2 An entirely parallel result holds for the effect of z* on
y*. By substituting (7b) and (7d) into (9), one finds that

Pyx = (ox/oy) dyx, and [loa]
Pyz = (0z/0y) Qyz [10b]

which is precisely the standardization pr ‘osed by Stolzenberg
(1979). Stolzerberg applies the rules of differential calculus to
arrive at the results in [10]; relying on rules of differentiation
ie more elegant and more general than the derivation shown here,
but it is less transparent.

The generality of Stolzenberg's result is worth emphasizing,
and its basis bears review and amplification. Consider arbitrary
linear transformatiors on x and y--

Xt = go + 91X
Yt = ho + hy¥y

and iet y be a partial function of x--
y = £(%,2)

so that the effect of x ony is

af
dyx = 3%

Applying standard rules of differentiation one finds that the
effects in the new metrics (y¢,Xt) are

hy 3¢
g1 3%

2The notation qy*,* would be more consistent with the operations
leading from (1 ¥o (8), but Pyx is more convenient.

dyexe = [11]
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If the constant hy = 1/0y and the constant g; = 1/ox, as is
the case when all variabXes are standardized to unit variance,
then thz standardized effect is

Thus, the results in (10) are completely general. They apply
irrespective of the functional form of the structure. They also
apply more generally to linear transformations that do not follow
the zero mean-unit variance convention.

In fact, these results apply even more gencrally to any one-
to-one transformations on x and y. Let

Xt = g(x)
yt = h(y)
f(x,2z)

o
I}

Yy
Yt = h{f[g~l(x¢),2]) = £t (xt,2).

Then the effect in the new metric is a generalization of (11), as
follows:

TeXe T G ax gt (x)
where the primes indicate the derivative of the function.

dyx [12]

Two cautionary notes are in order here. First, the transfor-
mation functions g(x) and h(y) must be one-to-one over their
domains in a given application. Thus, h(y) = y2 is not permitted
because its inverse, which has two values for each y, is not a
function. However, if y is nonnegative in an application (e.qg.,
wage), then y2 is permitted. Second, the functional form of the
structural equation in the transformed ‘icales may be quite
different than in the original metrics. For example, let

Xt =g(x) =/x 0<x
Yt =1lny 0 <x
y = f(x) = x2.

In this case, the lunction connecting yt to xt is quite different
from the original function:
Yt = ft(xt) = 4 1n xt o

Even when the transformation functions are linear, the form
of the function connecting yt to x¢ may not appear like the
function connecting y to x. For example, a sinple exponentizal
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function in the original metric appears substantially more ~onplex
in the transformed metric:

y = aebX

Xt = go + 91X

~hg + ael (¥t-90) /91
hy

Yt

. h
a + ﬂe'YXt, with a = —2
h)

hy -
v = b/gy

Consider again the matter of summarizing the magnitude and
variation of effects in a nonlinear, nonadditive model. A simple
generalization of the two-variable model in (1) includes all
first-order interactions for several independent variables--

y = a + Zbyxy + I ZeygXyxg + u [(13]
3 igk
where j, k index the independent variables; j, k=1, 2, . . .,
J. Nocte that (13) permits squared terms as well as products. The

average effect and stand .rd deviation of those effects can be
calculated as follows:

quj = bj + §Cjkpk + 2C44p4 [1l4a]

LR

o (Qyy) = jic%kaﬁ + 4c§ja + 2&zcjk jn%km * 4cjj CITE B [14b}

‘where the sums over k and m exclude values where k = jJ and m = j,
respectively. Again, these formulas simplify if all variables are
standardized to zero mean and unit variance:

Epyy = b; [15a]

J5c*2 *

o (Pyj) = 25k + 4c3% + 2zzcjk Jm 332 Jkpjk [15b]
wvhere the double summation runs over values of k < m, p stands
for population correlation, the coefficients marked by an asterisk
represenc values estimated from data for which all variables are
in standardized form, and the sums over k ani m exclude cases for
which k = § aixd m = j, respectively.

+ 4c*




As shown in (14b) and (15b), the simple relationship between
the product coefficients and the standard deviation of effects
found in equations (4) and equations (6) becomes substantially
more complex when more than two independent variables and their
products and/or squares are included in a model. It is clear,
though, <nat the coefficients of the product terms do provide a
rough index of the contribution of one variable to variation in
effects of other variables. For example, given that cj; = p15 =
0, then the contribution of x; to variation over the population

in effects of xi, on y is given unambiguously by cj3*.3
When pj12 is not zero, however, x; does not nake a separable
contribution to the variance of effects of x¥, on y*. This is

precisely the same ambiguity that arises in more general cases of
variance partitioning. It therefore seems preferable to avoid the
variance partition approach. 1Instead, it is sensible to rely on a
partial derivative definition. For example, the contribution of
X5 to the effect of %3 on y may be defined as the second deriva-
tive of (13), first with respect to X;, (giving the effect of X3
on y), then with respect to x, (showing the impact of X3 on the
effect of x; on y). For equation [13], one has --

0%y
———— = Cike
anaxk ]

These "effects on effects" cannot bhe readily compared unless
all variables appear in a standard metric. Again, the coeffi-
cients calculated when all variables are standardized offer a
potentially useful aid tec interpretation. It is worth reiterating

that these coefficients are not the same standardized coefficients
as those produced by most regression software.

The simplicity of (15a) as compared to (l4a) is one of two
reasons for being interested in the standardized coefiicients.
The second reason is that effect magnitudes are roughly comparable
among independent variables when all variables are converted to
the standardized metric. The standardized coefficients for model
(13) can be calculatced as follows:

*

a® = [a - (py - Zbypj = T Ecypuiny)]/oy [16a]
j j<k
p¥ = 21 [by + zejuuk] [16b]
J Uy k

3The coefficient cj* also indexes the contribution of x1* to
variation in the effects of x,* on y*.
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ot = 217K Cik (16c)
Jk o J
Yy

The formulas for the standard deviation of effects given by
(14b) would be tedious to uvse for models with many wvariables and
many noniinear, nonadditive terms. Equation (15b) is somewhat
simpler than (14b), but it also could be tedious to use. A
relatively simple alternative to finding the algebraic expression
for the mean and standard deviation of effects and using that
expression to calculate numerical values of.Eq and (q) is as
follows: Use a computer to (1) calculate numeric values of
derivatives of y with respect to each x, and then (2) use standard
computer software to summarize those effects. Means and standard
deviations, as well as summary statistics such as median, minimun,
and maximum, cculd be produced routinely.

Noncontinuous Variables and Interactions

If any variable in a structural relation is not continuous,
then the partial-derivative definition of an effect does not apply
to that variable. If a variable is not continuous, then it may be
categorical (nominal scale), ordinal, or interval defined by a
count (e.g., frequency of drug use). The noncontinuous
variable(s) may be cither independent or dependeat. Generally,
when observed dependent variables are not continuous, a latent
probabilicy model can be devised for which the theoretical
specification applies to a latent probability of being in each
category. 1In this case, any interpretation that applies to
continuous dependent variables can be applied to the latent
probabilities. The discussion in this paper therefore is focused

on interpretations of effects in cases where independent variables
are not continuous.

Consider first the case of one dummy coded dichotomous
independent variable (x) and one continuous independent variable
(z). The effect of x now is defined as the difference between the
value of y with x=1 and the value of y with x=0, given that both 2z
and u are constant. The effect of x is Qyx = b + dz, which is the
same expression as for the case of continuous x (see eq. [2a]).
Its interrretation, however, is different from that of continuous
X. With dichotomous x, the effect is the difference between those
in the category coded 1.0 and those in the category coded 0. Tais
difference is a continuous function of z, For continuous x, in
contrast, the effect is a partial derivative.

The effect of z can still be defined as a partial derivative,
and its expression is precisely the same as for the case when ¥ is
continuous; however, the effect of z takes on only two values:
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dyz

+ dx
+ d

1
0
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The equations for average e€fects and the standard deviation of
effects over the population given by equations (3) and (4) still
apply. ZLikewise, the formulas for calculating standardized
coefficients (egs. [7]) also apply. Eowever, effects of standard-
ized du:mmy variables probably are not as easy to interpret as
effects in the zero-one metric. The reason is that the zero-one
coding preserves easy comparisons among categories of a nominal
scale. There is no reason why the categorical variables cannot be
left in the zero-one metric and the other variables standardized.
It is only necessary to take care when interpreting the results to
note what is being compared to what.

When one uses more than two dummy variables to represent a
categoricai variable with three or more categories, then some
generalization of the interpretations for a dichotomy are needed.
Suppose that each of the first J~1 categories of a nominal scale
variable having J categories are represanted by a dummy variable
denoted xj. If comparisons between any one of the first J-1
categories and the Jth category are desired, precisely the same
principles apply as for a dichotomous nominal scale. For any
comparison between two of the first J-1 categories, differences
between coefficients are required. Consider the following struc-
tural equation used to represent effects of a single three-
category nominal scale:

y =a+ byjxy + baxa + cz + djxjz + dzxpz + u (17}

The effect of being in category 1 instead of category 3 (reference
category) is

dy,x1-%x3 = by + dyz (18]

where the notation qy,xl-x3 indicates the effect of being in
category 1 instead of category 3. This result is analogous to the

case of a "natural" dichotomy. However, the effect of being in
group 1 instead of qroup 2 is not precisely analogous:

dyrxy-x3 = P1 = bz + (d1-dz)z [29)

Likewise, the effect of z now is a little more complex than
before--

dyz = C + dyxy + daXj. [(20)]

This effect —an take on tinree values, one for each category of the
nominal~scale variable:
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dyz = C | X1 =% =0 [21a]
Qyz = ¢ + d3 | X0 =1 [21c)

In the case of an interval but noncentinuous independent
variable (x) the effect is defined as the difference between Yy at
one designated value of X and the value of y at some other desig-
nated value of X. For an equation such as (1), this becomes

Y1~Yo = b({x1-%p) + dz(x1-Xp)
Ay = (b~ "3)ax; Ay = Yi-Yo
AX = X]=Xg.

If x =1, then this result reduces to the same expression as
(2a) . In the completely general case with y = £(x,2), the effect
of having value X; on x instead of value X% is:

qYle-xo = f(xllz) - f(XO,Z)

An Example

A long-standing claim among vocational educators is that
vocational eGucation enhances the value of academic education by
helping to motivate students., The basic idea is that the "hands-
on" experience of vocational courses reveals the concrete applica-
tion of the abstractions of academic study, thereby stimulating
students' interest in academic topics. An important corollury to
this claim is that most or all students couid benefit from taking
both academic and vocational courses (Silberman 1980, 1982;
National Commission on Secondary Vocational Education 1984).

A typical specification of the effects of academic and
vocational courses on, say, verbal test score might be linear--

Yy =a+ bjA + bV + c'x + u [22]
where

Yy = verbal test score

A = number of academic courses (Carrnegie units)

vV =

number of vocational courses (Carnegie units)

=
]

a column vector of "controls"

random disturbance

=4
]
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a, by, by = scalar constai.*s

c = a column vector of coefficients conformable with x (prime
indicates transpose)

The maximum number of courses is constrained o some number T.
Hence, A + V £ T. For expository reasons, set A + V = 7.4 With
this constraint, then the optimum combination (to maximize y) of
academic and vocational courses is to either (L) take all academic
courses if by > by, or (2) take all voctational courses if by > bj.
This conclusion violates common sense ana disregards the claim of
vocational educators that most students benefit (in the sense of

eq. [22], learn more) if they take some academic and some
vocational courses.

. A simple alternative to the linear specification in (22) is
to rosit an interaction between academic and vocational courses of
the following form:

y =a+ bjA + boV + bjrA*V + c'x + u [23]

where by, is a constant with bjs > 0, and bjy; > |by =~ b3|/T and
the other terms were defined in conjunction with (22). Equation
(23), given that by is positive as hypothesized, expresses the
claim of vocational educatcrs that vocational education
complements or enhances the value of academic education--that is,
the effect of academic courses is, in fact, higher to the extent
that one takes vocational courses--

dyAa = by + b12A (b12 >0).

With equation (23) we also find that the optimum combination of
academic and vccational courses falls somewhare between the
extremes, given the constraint A + V = T. The optimum proportion
of vocational courses is found to be

optimum (V/T) = [1 + (by - by)/Tby51/2.

Although the idea that different types of courses may comple-
ment each other [in the sense of (23)] is prominent in vocational
education, the basic hypothesis obviously has a much broader
potential application. For example, it seems likely that physics
ar math courses would be complementary. That is, taking physics
courses should enhance what is learned from math courses, and vice
versa.

To illustrate the interpretations of interaction specifica-
tions developed in this paper, two equations of the form of (23)

4This constraint presumes that all courses ares classified as
either academic or vocational, and all students take the maximum

number of courses T'). Generalization of this simplifying assump-
tion is straightforward.
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were estimated from the High School and Beyond (HS&B) sample. 1In
the first equation, a composite verbal test score is the dependent
variable. English credits earned during the last 2 years of high
school are taken to represent A in equation (23), and credits in
clerical business and office courses taken during the last 2 years
of high school are used to represent V in equation (23). These
specific academic and vocational courses are used rather than all
academic and vocational courses to avoid excessive diffusion of
whatever interaction effect may occur. The second equation
estimates a math x physics interaction. Here A is replaced by
math credits in the last 2 years of high school, V is replaced by
physics credits in the same :ime period, and the dependent
variable is the HS&B math test score. In both cases, the
complementarity hypothesis implies that the coefficient on the
product term (bj3) is positive.

The dependent variables in both equations were measured in
the first follow-up of the HS&B survey, when most memkers of the
sophomore cohort would have been high school seniors. The verbal
test score consists of the combined reading, vocabulary, anr?
writing HS&B tests. The math test score consists of the combined
HS&B math tests (computational, theoretical). Base-year measures
of the dependent variable (when respondents were high school
sophomores) were entered as one right-side variable in each
equation. In addition, 24 control variables, all measured at base
year, were included in each equation.®

Since the HS&B survey now is familiar to most social scien-
tists, only a brief description is provided in this paper. 1In
1980, samples of the sophomore and senior classes of 1,015 U.S.
high schools were surveyed. Calculations reported here are based
on data from the sophomore cohort. There were 29,737 members of
the sample in 1980. Almost all of these individuals were surveyed
again in 1982, when most of them were seniors in high school.
Transcript data were targeted to be collected from 18,427 of the
original sample. Of the 18,427 transcripts, 15,941 are usable.
After eliminating from the sample respondents who did not partici-
pate in the first follow-up, and cases with missing data on the
dependent variables, the number remaining for analysi is 11,903.

5These controls are 8 region dummies; rural residence dummy;
urban residence dummy; missing data dummy for residence; race
dummy (l=black); ethnic dummy (l=Hispanic); an SES scale including
parental occupation, education, number of siblings, housing
characteristics, and possessions; log of family income; missing-
data dummy for income, lagged math and verbal test scores; dropout
dummy; an index of significant-other variables for education:;
educational expectation; occupational expectation; perceived
college ability; grade point average; and hours of homework per
week. All of these variables were measured from the base year
student questlonnalre, except the two test scores. The tests are
spec1a11y designed tests tor the HS&B. Identlcal versions were
administered at base-year and first follow-up.
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Missing data were handled by deleting cases with missing dependent
variables and substituting the mean for missing values of the
independent variables.

Table 4 goes here

Table 4 displays mean and standard deviations of the primary
variables in the analyses, and table 5 presents effect estimates.
Estimates were calculated separately for females anc¢ males because
of the high likelihood that the processes under study here differ
according to gender. Columns entitled "standardized coefficient®
contain entries that were calculated according to equations (7),
and the columns labeled "linear leg. standardized coefficient"
were taken directly from the computer output. They were calcu-
lated with the usual formula rYor the standardized regression
coefficient in a linear specification.

- e e e S G G G D D G S Vb S Gy S =

The complewentarity hypothesis does not fars very well in
these data. In only one case does the coefficient associated with
a product term achieve statistical significance and that coeffi-
cient is negative instead of positive as hypothesized. The
significantly negative product coefficient occurs in the math
equation for females. Using equation (3a), one finds that the
average effect over the sample of females of an additional math
credit on the math test score is

Gyx = b + dZ

2.0001

and the sample standard deviation of those effects is [using
(42) )--

s(qyx) = ld|s(2)

0.8141 (0.3097)
= 0.2521

where the bar over g indicates sample mean, and s denotes sample
standard deviation.
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TABLE 4

MEANS AND STANDARD DEVIATIONS FOR
PRIMARY VARIABLES

Variables
English Clerical Math Physics Verbal Math
credits credits credits <credits test test
Females X 1.5936 7876 7926 .1028 53,9520 51.1CS53 .
SD .8175 1.1302 8015 .3097 9.0854 9.2671
Males i 1.5119 .1814 .9174 .1927 53.1871 52.9057
SD .8375 .3943 .8614 .4097 9.4921 10.2220
NOTE: The course credits are Carnegie units.




TABLE 5

TWO EMPIRICAL EXAMPLES OF INTERACTION

Effects of English and Clericcl Credits on Verbal Test Scrre

Fenales Hales
Linear Reg. Linear Reg.
Independent  Unstandardized Standardized Standardized Unstandardized Standardized Standardized
Variable Coefficient Coefficient coefficient Coefficient Coefficient Coefficient
Eng. crudits 0.4673%2 0.0412 0.0419 ) 0.6464%"en 0.0643 0.0570
Cler. credits 0.0736 0.0071 0.0092 +0.2569 0.0024 -0.0107
Eng. and cler. -0.0105 <0.0011 -0.0024 0.2076 77.0072 0.0183

Effects of Math and Physic Credits on Math Test Score

Females Hales
Linear Reg. Linear Reg.
Independent  Unstandsrdized Standardized Standardized Unstandardized Standardized Standardized
Variable Coefficient Coefficient Coefficient Coefficient Coefficient Coefficient
Nath credits 2.0838%0nn 0.1730 0.18C2 2.1110%nne 0.1741 0.1779
Phys. credits 3.9650% 0w 0.1109 0.1325 3.2217%new 0.1206 0.1291
Math and Phys. -0.8141* -0.0218 -0.0511 -0.2332 -0.0081 -0.0181

KOTE: 1. see footnote 6 for a list of variables included in each equation.
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where y = math test, x = math credits, z = physics credits, and
the circumflex ind.cates sample estimation. It is clear from
thece results that the magnitude of the interaction is not large,
about one-eighth the size of the average effect. Precisely the
same conclusion is reached by examining the “standardized coeffi-
cients," but the standardized coefficients facilitate *he
interpretaticn because they can be ccmpared directly.®

In the data presented here the coefficiente standardized by
equations (7) generally are close in value to the linear regres-
sion standardized coefficients. In the case of {the coefficients
associated with the linear terms (by and bj), this similarity is
due primarily to the relatively small magnitude of the interaction
coefficients (bja). In the case of the interaction ccefficients,
the discrepancies between the two types of standardizations are
altogether due to the degree to which stanuard deviations of the
indeperndent variables differ trom unity (see eq. [7d]). With the
particular data in the example, the hj5 coefficients standaxdized
by formula (7d) are about half the size of those standardized by
the usual algorithm. This magnitude of discrepancy would likely S
have impertant bearing on substantive interpretations in many
settings.

There are a number of possible reasons why the complementari-
ty hypothesis is not supported ir these data. One of the most
likely is that the hypothesis is false, at least with resperct to
the gross level of aggregation of elucational experience represen-
ted by credits in high schcol courses. It is likely that much
more explicit connectioiis between subjects taught in different

classes than are typically made by teachers would be necessary for
the hypothesis to be true.

With respr.ct to math and physics, the negative coefficients
(significant only for females) on the product term suggest that
"information overload" may be operating. That is, after a certain
peak in the amount of exposure to technical material, students!
capacity to absorb the material may decline.

There also are several possible methodological reasons why
the complementarity hypothesis is not supported in the data.
Probably the most important is specification error due to inade-
quate modeling of a learning process that describes how learning
occurs over short (relative to time between measurements) periods
of time (see Sorensen and Hallinan 1978). Additionally, effects
of measurement error and missing data on estimates o2 interaction
models are not thorcughly understood. It seems likely that their

6For example, their ratio (b*/|d*|) gives the ratio of the mean
effect to the standard deviation of those effects; this rz:io has
the same value as tbe ratio of unstandardized mean effects £o the
standard deviation of the unstandardized effects.
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impact is more severe and unpredictable in noniinear models than
in the usual linear specification.

iscussion

This paper is intended to review and clarify existing e:posi-
tions of the interpretation of interaction specifications in
structural models. The paper extends current work in several
respects. The most notable are (1) explication of the relation-
ships between coefficients in a product model and the mean and
variation of effects over a population (or sample) and (2)
development of standardization formulae that facilj :ate interpre-
tations of interaction coefficients. It is worth .,eiterating here
that the usual "standardized betas" produced by most computer
software are difficult or impossible to interpret when the struc-
tural model contains a product term.

The exposition in this paper has focused on an interaction
specification as expressed by a product term in a structural
model. Although this relatively narrow focus makes the exposition
clear and easy to follow, it tends to mask the generality of most
of the discussion. Specific formulae to calculate averacge
effects, standard deviations cf effects (and/or second partial
derivatives), and standardized coefficients developed for the
product models do not, of course, apply to any other type of
model. However, the main principles discussed in this paper apply
generally. It is often possible to derive simple calculating
formulae for the average and standard deviation of an ef*ebv. For
example, civen a second degree polynomial (y = a + bx + cx2 ). the
effect is gyy = b + 2cx, the average effect is b + 2cpy, and the
standard deviation of the effects is 2|cloy. Standardized
coefficients for this simple model also are readily derived--b* =
oxb/oyi c* = ¢ C/ay (where the asterisks indicate

standardized coefficients). In many cases, however, it probably
would be easier to calculate averages and standard deviations of
effects numerically with a computer. Standardized coefficients
also can be calculated readily by standardizing all variables
prior to estimation, but in doing so it essential o modify the
functional form to offset the change of scale.?

7For example, nonpositive arguments are inadmissable for the log
function. ,
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CHAPTER 5

INTERACTION IN DYNAMIC MODELS
By Lawrence Hotchkiss

In sociology, as in other social sciences, there is ample
reason to be interested in relationships between variables in
cases where the relationship is conditional-~that is, the
relationship changes from one condition to another. Such
relationships often are described as interaction in the statisti-
cal literature.

Interaction has been studied in a variety of contexts
(Bohrnstedt and Marwell 1977). In soc.ology, mobility (attain-
ment) nodels frequently are depicted as contingent on personal

.characteristics such as race and gender (e.g., McClendon 1976;

Hout and Morgan 1975; Featherman and Hauser 1976). Stolzenberg
(1974) argues that education and labor market experience interact
in their influence on earnings. In economics both production
functions and utility functions generally are sensible only if
they contain some interaction component. The Cobb-Douglas produc-
tion function is the most elementary example of this type of
interaction.

Educational researchers have also hypothesized interactive
relationships. Formal theory of learning (e.g., Sorensen and
Hallinan 1978, 1986) hypothesizes that "opportunities for
learning" interact with "ability and effort" to produce the rate
of learning. Educational theory and research often postulate (but
seldom find) "aptitude-by-trcatment" interaction (Cronbach and
Snow 1977). Vocational educators frequently argue that the
applied aspects of vocational training help to motivate students
and thereby enhance what students learn from academic courses
(National Commission on Secondary Vocational Education 1984).

In the past several years, important steps have been taken to
elucidate the proper meaning and interpretation of interactiun
effects (Stolzenberg 1979; HMarsden 1981; Tate 1984; Allison 1977).
The most important accomplishment has been to clarify the
interpretation of structural relations that incorporate
interaction. Stolzenberg's paper (1979) is particularly cogent in
this respect, because it provides a thorough development of the
idea that an effect in the presence of interaction with continuous
functions is clearly defined by a partial derivative.

Interpreting effects as partial derivatives avoids the confusion
that often accompanies terms like "main effect" and "interactior
effect."




It is useful to summarize and formalize the ideas regarding
interaction that appear in the literature just cited. ILet y be a
continuous variable, and let x be a second variable whose effect
on y we wish to assess. Define z to be a vector of other varia-
bles that ii €luence y. Suppose that the dependence of y on x and
z is summarized in the following functional relation:

y = £(x,2) (1]
where £ is a function. If x is continuous, then the effect of x
on y (dyx) is a partial derivative. If f is not continuous (e.gq.
X is a hominal scale), then the effect of x on y rust be derfined
as a difference, since the partial derivative no longer exists.
These ideas may be summarized as follows:

ayx = 3£(x%,z)/3x | £ continuous [2a]

dyx = AY = Y1 - Yo | £ not continuous [2b]

= f(x1,2) = £(x0,2)
where y; and yo are values of y at x; and x,, respectively. &a

convenient way to define interaction is to stipulate that the
effect of x on y is a function of (one or more elements of) z--

X interacts with z < > dyx = 9(x,2) [3]
where g is some function. The critical aspect of the formal-
ization is that dyx deperds on z. The fact that it may also
depend on x is incidental here.

The recent literature on interaction effacts also has helped
to clarify how to estimate and test the significance of
coefficients associated with product terms in a structural rela-
tionship (e.g., Allison 1977; Tate 1984). Additionally,
Bohrnstedt and Marwell (1978) and Heise (1986) have taken
important first steps toward assessing the effects of
unreliability on statistical estimates of parameters in squations
that include product terms.

No paper has investigated the implications of dynamic
structural models for estimation of interaction effects, however.
This chapter provides an introduction to the complexities that
arise when interaction is hypothesized in dynamic mogels. All
social relationships are processes that unfold over continuous
time, and we expect many interactions; hence, the topic of this

chapter is particularly important in the quantitative study of
social relationships.
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The chapter begins with a discussion of discrete-time models
as represented by difference equations and then presents analogous
results for continuous-time models as represented by differential
equations. There are two reasons to begin with difference
equations. First, they are conceptually easier to grasp than
differential equations; hence, t..ey provide a good basis for
introdui:iing fundamental ideas. Second, starting with difference
equations helps to show how use of differential equations may
resolve a critical issue in longitudinal researcii with nonlinear
functions--how should one proceed in the absence of knowledge of
lag time between cause and effect? A major practical difficulty
with difference equations is that one must know the length of the
time lag between cause and effect in order to estimate their
paramaters. On the other hand, the lag time is assumed to
approach zero in differential equatlons hence, it need not be
specified by theory. An important result of this chapter is that
differential equations may provide reasonable (though slightly
biased) estimates of the parameters of a difference equation
provided that there are several cause-and-effect cycles between
measurement points. As few as five cycles are shown to yield
reasonable results in Monte Carlo simulations of a fairly simple
model. It is concluded, therefore, that lack of knowledge of
precise lag time is not a critical barrier to esttmatlng
parameters of nonlinear dynamic models. All that is needed is the
qualitative knowledge that lag time is short relative to the
length of time between measurements.

Discrete Time--Difference Equations

The basic issue raised here can best be explicated by
starting with a few simple relationships in which there is a
finite lag time between "cause" and "effect." The (constant) lag
time is set to unity, and the time points are represented as a
sequence of integers--1, 2, . .'. , n. First, as a basis for
ccmparlson, consider a linear difference equatlon in which change
in y is depicted as a function of x and z and lagged y--

Yj+1 = a + byj + cx + dz [4]

where the subscripts represent time points, and, a, b, ¢, and 3
are constants. Note that x and z are constant over tlme but vary
cver individuals. Parents' education and occupational status at
age 15 are typical examples of x and z; examples of y include test
scores and level of occupational aspiration. The solution to (4)

itself may be written as a linear function of lagged y, x, and
z.--
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Yn = a* + b*y; + c*x + a*z [5]
where (given b #1)--8

a* = a(l-bM)/(1-b)

b* = bn

c* = c(1-bM)/(1-b)

d*

d{1-bM)/(1i-b).

The importance of this solution is as follows: No matter how
many cause-and-effect cycles (n) elapse between measurements, the
linear form of the fundamental model (4) is preserved. Thus, even
after several cycles we can still use a linear regression (with
appropriate assumptions about the disturbance) to study the
impacts of x and z on y. I doing so, however, it is important to
recognize that the regresision coefficients do not cdirectly esti-
mate the fundamental parameters (a, b, c, 4). Ratner, they esti-
mate accumulated effects over repeated cycles. It is necessary to
¥now n before the fundamental par ‘meters can be retrieved from the
regression coefficients.

An interaction between x and z, say, of the following form--

Yi+1 = a + byj + cx + dz + gxz [6]
(g = constant coefficient) ylelds the following solution:

Yn = a* + b*y; + c*x + d*z + g*xz [7]
The relations between the fundamental parameters (a, b, ¢, d) and
the regression estimates (a®, b*, c*, d*) defined in conjunction
with (5) hold here, and g™ = g(l-bn)/(l-b) Again, the functional.
form of the fundamental structure (6) is preserved in the estima-
ting equation (7).

Now, suppose that x interacts with lagged y in the funda-
mental structure, as follows:

Yj+l = a + byj + cox + dxyj : [8]
This model might be viewed as a representation of the idea that

learning [y4+41 - yy = a + (b-1)y§ + cx + dxyy] is a function
involving tﬁe product of readineSs and expoczire. Here exposure is

8These expressions follow from well-known results for linear
first-order difference equations (see e.g., Yamane 1968).




the rate of presentation of new material ¥, assumed constant over
time, and readiness is identified with current level of
knowledge.9

The structure implied by (8) after just two cycles is

y3 = a* + b*y; + c*x + d*xy; + g*x2 + h*x2yy [9]
where

a* = a(l+b)

b* = b2

c* = c(l+b) + ad

d* = 2bd
g*:cd
h* = g2,

In this case the functional forimn of the original structure (8) is
altered. Two new terms appear in (9), one involving %2 and one
containing x2y;. Thus, using the same functional form in the
estimating equation as one hypothesizes in theory would lead to a
misspecified estimating equation.

If one knew that the time elapsed between measurements were
exactly twice the lag time in the basic structure, then an esti-~
mating equation like (9) could be used (along with appropriate
constraints on the coefficients). All the fundamental parameters
of (8) could then be calculated from the regression estimates of
the coefficients in (9). However, it is important to realize that
the functional form of the estimating equation changes for each
cycling that occurs between measurement points. The general
solution for (8) is as follows:

1-(b+dX)n
Yn = (a + CX)W + (b + dX)n Y1 [10]

A nonlinear method of estimation obviously would be requirad here.
Moreover, it would be necessary to know the value of n a priori.

9This model contains the basic concri.cual ideas of Sor. .n and
hallinan (1978) but expresses them in a somewhat differer..
functional form. Connecting equation (8) to a learning hypothesis

is dohe purely ror purposes of exposition and is not intended as a
substantive alteration of the Sorenssn-Hallinan paper.
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If -1 <b + dx < 1, then as n goes to infinity equation (10)
reduces to

n = (a+ex)/(1-b=-dx) | -1 < b + dx < 1. [10a]

This result can be viewed as a nonlincar reduced form. As with a
linear reduced form it is not possible to identify all the
structural parameters from (10a). It is, however, possible to
identify relative values of the parameters. For example, one
might estimate by nonlinear least squares a function of the
following form: Yypn = (a+yX)/(1+B+6%X). The ratio of these
parameters to each other will be the same as the ratlos of corre-
sponding structural coefficients (e.g., g/§ = b/d)

One interesting aspect of equation (10) is that it does take
on the same functional form as the basic structure {8), given that
the exogenous variable x is a dummy variable. It is interesting
to speculate that this observation may help to accocunt for the
fact that statistically significant interactions are more often
reported for categorical variables such as race and gender than
for approximate continuous variables such as education,
occupational status, or test scores. The point here is that
estimating equations with x a dummy variable assume the same
functional form as the structaral eguation; hence, they are less
likely to be misspecified than estimating equations with
continuous x.

It is conceivable that an estimating equation with the same
functional form as the basic structure (8) would provide an ade-
quate approximation in many instances. Although such an estima-
tlng equation would be misspecified, given a large sample, it
might be sufficient to detect the presence and direction of the
interaction. Given the approximate nature of most theory
predicting interaction, detecting its presence and sign may be an
important achievement. The effectiveness of this strategy ani
others suggested here will be examined using Monte Carlo simula-
tions in a later section of this paper.

10Add1ng a "white noise" disturbance to equation (8) generates a
version of (10) and of (10a) that includes a disturbance indepen-
dent of x. Preliminary experiments using generated datz and
nonlinear least squares suggest that either (10) or (10a} might
serve as a basis for estimating the parameters of the moadel.

However, as noted in the text, ot all the structural parameters
are identified in (10a).
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Continuous Time--Differential Equations

With the basic issue of this paper now in mind, it is useful
to review the results for the case where "causal" lag time
approaches (never quite reaches) zero.. If one subtracts Y3 from
both sides of (4), the following result is ocbtained:

sy = a +(b-1)y4 + cx + dz [11)

(with Ay = y4+1-¥4)). Since the time lag between time j and
time j+1 is scalea to equal 1, the left side of (11l) is a rate of
change with respect to time. As the lag time approaches zero,
(11) becomes @« linear differential equation of the following
general form:

dy/dt = pg + pP1X + Pz + QY {12] .

There are distinct conceptual and practical advantages of
(12) as compared to (4) [or (11)]. First, time is conceptualized
as continuous in (12) but is discrete in (4). Since time is, in
fact, continuous, this is an important advantage of (12) over (4).
Second, since (12) implies that the number of c¢ycles between
measurements approaches infinity, it is unnecessary to specify a
priori the number of cycles. In practice, whenever the cvcle time
is short relative to the time elapsed between measurements, the
solution to (12) provides a good basis for an estimation stra-
tegy.

The solution to (12) has been noted repeatedly in the socio-
logy literature; it is

y(t) = p; + pIx + p3z + q*y(0) [13]
where

p* = 29(eqt-)
° q

p* = 2lieqt-1)
d

p} = 22(eqt-1)
q

q* = eqt
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(see, e.9., Coleman 1964; Doreianrgnd Hummecw 1976; Tuma and Hannan
1984).11" In a qualitative way! the same result found for a

linear difference equation also holds for a linear differential
equation--that is, the linear form hypothesized for the basic
structure (12) also applies to the estimating equation.l2

Again, as for the difference equation (8), interaction
involving x and y-- ‘

dy/dt = pg + p1xX + QoY + q1¥y [(14]

generates an estimating equation with a functional form quite
different from the original structure (eq. [14]), one that 1is
nonlinear in the parameters as well as in x and y--

y(t) = 22T PIX  (qotaint | gy, o(dotmx)t g

do + 1% (151

where e is the base of the natural logarithm. Most of the conclu-
sions regarding the solution to the difference equation (10)

apply here. In principle, nonlinear estimation could be applied
either directly to (15) or to a reduced form (letting t —> =)--

Y(=) = (Po + P1%)/(do + @1%) | Qo + qix < O [16]

It is easier to use (15) as a basis for estimating parameters
than to use (10) (solution to difference equation), because it is
not necessary to know ° ie number of cycles to estimate (15). All
one needs to know is that the recycle time is short relative to
the length of the measurement interval (five cycles or more
between measurements give a good approximation--see simulation
results in the next section of this paper.)

11Tt should be noted that setting t = 0 at the initial
observation point is an arbitrary translation of the time scale.
This scaling often is used in the literature for notational
convenience, to avoid awkward expressions like y(t+at) =
fly(t),x].

12See Tuma and Hannan (1984) for a review of statistical issues
related to estimating (13). Basically, adding "white noise" to
(12) transforms it into a stochastic differential equation. The

solution is again linear and can be estimated consirtently using
OLS.
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Monte Carlo Simulations

In order to convey some impressions of the behavior of alter-
native estimating strategies for testing interaction hypotheses in
dynamic models, several simulations were carried out.

Calculations are based on the difference equation (8) which
expresses an interaction between lagged y and an exogenous
variable x. Three estimating strategies are considered: (a)
apply ordinary least squares regression to observed data using
precisely the same functicnal form as in the structural equation
(8) ; (b) use nonlinear least squares in conjunction with the
general solution (10) to equation (8):; and (3) use nonlinear least
squares with the reduced-form (l0a) solution to (8). In practice,
the first option is by far the most likely to be applied. The
adequacy of option (a) as an approximation depends on n, the
number of cycles between measurement time points. Simulations
were calculated fer n =1, n =23, and n = 5,

The following algorithm was used to generate the observa-
tions:

Y1 =3 + ex + ug oy, = J5 - c?

Yj+1 = a + byj + ox + dxyy + u4 | 321

0“5 = 2.25

with % normed to zero mean and unit variance. The us also have
zero mean. Both x and u are normally distributed. gamples of
size N = 200 cases were generated with a time series of n = 100
for each case. Each estimating equation except the reduced form
was based on two time points out of this series, thereby simulat-
ing the two-wave panel survey so commonly analyzed in sociological
and educational research. The reduced form was estimated from
data after 100 cycles (n = 100). Three different sets of values
for the parameters c and d were used. Twenty-five samples were
drawn for ezch set of simulations.l3

The results, including the values of the parameters, are
displayed in table 6. The lines labeled "wean" show the average
value of the parameter estimate over the 25 samples. The lines

13In some or possibly all of the cases considered here, it would
be possible to find analytically the expected values and standard
errors of the parameters. Even with the OLS lag-one estimates,
however, the standard errors depend on the inverse of the X'X
matrix. After several cycles, the entries of this matrix might
not bs easy to calculate analytically.
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labeled "SD" chow the standard deviatioms. The lines labeled
"RMSE" give the rcot mean-square errors. Standard deviations
summarize sampling stability of an estimate irrespective of bias.
The RMSE provide a combined summary of sampling stability and
bias. When there 1is no bias, RMSE = SD; otherw;se, RMSE > SD. No
statistics are summarized for the intercept (a) in the reduced-
form estimates. Recall that the reduced-form is not identified--
only the ratios of parameters are identified. For the
simulations, a was set a priori to 1l.J, hence, there is no

sampling fluctuatinn, and the summary statistics are therefore not
informative.

Several interesting observations are contained in table 1.
The most salient result is, as expected, that OLS yields highly
biased estimates when the lag time does not equal 1. It is some-
what anomalous, however, that one is more likely to detect the
presence of the interaction with OLS if the lag time is greater
than 1 than if it equals 1. This anomaly is due to the fact that
the bias on the OLS estimate of the interaction coefficient 4 is
positive as lag time increases.

“The 7Zinding that a badly misspecified OLS equation is still
capable of detecting interaction is somewhat encouraging, since
theory is seldom able to indicate the lag time between ‘'cause" and
neffect." In many instances, simply detecting the presence and
direction of interaction r“v be an important accomplishment.
However, it is easy to be .verly sanguine in this respect.
Specifications of the underlying structure other than the one used
for the present simulation may not yield the same conclusion.
Moreover, although quilitative conclusions regarding theory seldom
require precise numerical estimates of structural coefficients,
some reasonable approximation generally is necessary in order to
assess the "substantive importance" of the interaction. It is
difficult tc ase the OLS estimates in this way since their
strengths depend on the unknown lag time and, unless lag = 1, they
do not estimate any interpretable parameter.

In contrast to the OLS estima.es, bhoth of the nonlinear least
squares (NLS) methods yield essentially unbiased and reasonably
efficient parameter estimates. The empirical standard error (SD)
estimates are of the same order of magnitude as are the OLS
estimates for lag = 1.

It is interesting that the standard errors for the reduced-
form NLS are uniformly smaller than other standard errors.
Presumably this observation is due to the fact that only three
parameters are estimated with the reduced form, since only three
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TABLE 6

SIMULATION RESULTS BASED
ON DISCRETE TIME LAGS

Estimation Method

Summary oLs oLS oLS NLS NLS Reduced
Statistics lag=1 lag=3 lag=5 lag=5 form (n=100)
a=1l Mean 0.926 2.151 2.774 1.048 -
SD 0.181 0.291 0.381 0.263 -
RMSE 0.196 1.193 1.824 0.267 -
b=.7 Mean 0.726 0.368 0.183 0.632 0.689
SD 0.047 0.067 0.072 0.086 0.029
RMSE 0.054 0.339 0.523 0.088 0.031
c=.1l5 Mean 0.133 0.364 0.556 0.100 0.133
SD 0.252 0.381 0.359 0.209 0,163
RMSE 0.253 0.437 0.543 0.215 0.164
d=.05 Mean 0.041 0.081 0.098 0.066 0.054
SD 0.053 0.082 0.080 0.054 0.039
RHMSE 0.054 0.088 0.093 0.057 0.039
a=1l Mean 0.935 2.192 2.740 1.027 -
SD 0.281 0.372 0.338 0.206 =
RMSE 0.288 1.251 1.777 0.207 -
b=.7 Mean C.711 0.354 0.214 0.699 0.695
SD 0.063 0.091 0.071 0.058 0.020
RMSFE 0.063 0.359 0.492 0.058 0.020
¢c=.075 Mean 0.063 0.318 0.442 0.093 0.091
SD 0.277% 0.285 0.472 0.142 0.099
RMSE 0.277 0.375 0.598 0.143 0.100
d=.10 Mean 0.099 0.182 0.223 0.097 0.100
SD 0.057 0.075 0.072 0.029 0.008
RMSE 0.058 0.111 0.143 0.029 0.008
a=l Mean 0.928 2.192 2.777 1.041 -
SD 0.181 0.288 0.376 0.263 -
RMSE 0.195 1.189 l.821 0.266 -
b=.7 Mean 0.725 0.365 0.177 0.683 0.636
Sb 0.047 0.069 0.072 0.087 0.0
RMSE 0.054 0.344 0.531 0.089 0.034
c=.3 Mean 0.272 0.631 0.891 0.261 0.268
SD 0.247 0.383 0.343 0.187 C.142
RMSE 0.249 0.508 0.687 0.191 0.146
d=.03 Mean 0.023 0.053 0.065 0.044 0.039
SD 0.050 0.084 0.076 0.050 0.035
RMSE 0.051 0.087 0.084 0.052 0.036

NOTES: 1. NLS stands for nonlinear leazst squares; OLS means
ordinary least squares.

2. The sample size N = 200; the number of samples = 25,

3. SD = standard deviation, RI.SE = root mean
square error
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are idert!’ied. To identify all the parameters, it is necessary
to use the full solution to (8)-~equation (10). However, this is
not a practical strategy since onz seldom knows the value cof n a
priori. It is therefore concluded that the reduced form equation
(10a) provides a useful basis for exploratory analyses in which
one is expecting interaction between an exogenous variable and a
lagged dependent variable. This strategy certainly seems prefer-
able to indiscriminate application of OLS to equation (8).

In the absence of theoretical specification of the lag time
(vhich implies knowledge of n), a useful apprcximation might ke to
assume instantaneous effects (i.e., At—>0) and use the solution
(15) to the differential equation (14). A simulation with lag =5
and a =1, b=0.7-1 = -0.3, ¢ = 0.15, and d = 0.05 was conducted.
The results are displayed in table 2. The estimates of a and b
appear to exhibit slicht upward bias in absolute value; t-tests
indicate statistical significance at « < 0.05 in both cases.
However, the magnitude of the bias is small, well within
acceptable levels Zor most social science applications. Typical
longitudinal social data are collected at widely spaced intervals,
generally at least 1 year and often several years. In most
situations, it therefore is likely that at least five cycles are
completed between measurements. Consequently, a differential-
equation model often may yield a good approximation even when u
finite length of time between "cause" and "effect" is expected a
priori.

- - T LS T R WO T S S D G S S

It is noteworthy thLat the standard errors on the interaction
coefficient (d) generally are so large “hat the interaction
coefficient would be unlikely to be detected in a sample of size
200. Assuming that this standard error declines approximately
with the square root of N, then a sample size of 2,000 or more
likely would be needed in order to produce reasonably stable
estimates.

Summary and Discussion

This chapter investigates the impact of dynamic models on
estimating interaction effects. Primary attention is devoted to
interaction between one exogenous variable (constant over time but
not over individuals) and one endogenous variable. A simple
product model is used to represent the "causal" process that is
hypothesized to occur over a period of time. It is observed that
if longitudinal data are analyzed that have been collected at time
points that are farther apart than the length of the "causal lag,"
then the functicnal form of the estimating equation is different




TABLE 7 /

i
SIMULAMION RESULTS BASED ON
CONTINUtL S-TIME APPROXIMATION

g Parameter

statistic a=1l b=0.7-1=-0.3 c=0.15 d=0,05
Mean i1.188 -0.354 0.122 0.086

std. dev. 0.329 0.105 0.216 0.062

Root mean sdg. 0.378 0.118 0.218 0.064

error




than the functional form of the basic structure. This result
stands in sharp contrast to the linear case, since a linear
estimating equation is appropriate no matter how many "cause-and-
effect" cycles occur between measuzrament pointr.

Simulation results for a difference-equation model reveal the
following:

o Indiscriminate application of OLS using an estimating
equation with the same functional form as the basic struc-
ture generates highly biased estimates of the structural
coefficients. Morzover, the CLS coefficients do not
astimate any easily interpretable quantity. However, the
OLS may be sufficiently ropust to detect the interaction--
thcugh other methods are preferable.

o Nonlinear jeast sguares (NLS) estimates using the complete
solution to the difference equation yicld good estimates
of the structure. A critical disadvantagz of this method,
however, is that it requires a priori knowledge of the
length of the "causai lag."

o NLS applied to a reduced form yields good estimates of the
ratios of the parameters of the structure, but the
absolute values of the parameters are not identified. Two
advantages of the reduced-ifcrm method zare that a priori
knowledge of the length of the causal lag is not necessar
and sampling error is low.

o Estimates based on the solution to a differential equati..on
provide reasonable approximations of the parameters of the
difference equation when as few as five "cause-and-effect"”
cycles occur between measurements.

This last point is critically important. It implies that we
do not necessarily need to know the length of the lag time between
cause and effect in order to proceed. All that is necessary is to
know that lag time is short relative to the time between
measurements. Since lag time is almost never known in practice,
it is concluded that differential equations provide a powerful
tool for repri sent’'ng social processes.

The clearest implication is that interaction effects in a
dynamic model introduce complexities tha:t may not be anticipated
by many practicing resezrchers In view of the fact that social
processes do, in fact, operate over time, it seems likely that
failure to detect and validate many hypothesized interactions is
partly due to these complexities. It is important to keep in wmind
an accurate perspective on the results reported in this paper.
First, the produ~Tf model analyzed hLere is but a special case of
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nonlinear nonadditive dynamic models. Such mocdels generally
introduce enormous complexity into empirical analysis (see Tuw
and Hannan 1984; Gandolfo 1981). Second, attention here is
confined to a single equation with one endogenous variable and one
exogenous variable. Estimating methods become substantially more
complex when the exogenous variable(s) change over time and/or a
nonlinear system of twc or more endogenous variables is
considered. Additionally, use of a product formulation to
represent interactions is convenient and reflects common practice
in the social sciences, but it is arbitrary since the functional
form of the interaction is almost never derived from theory.

This chapter serves two important functions. Fivst, it shows
practical methcds for estimating coefficients of a relatively
simple dynamic interaction model. Second, it alerts 1esearchers
to important consequences of nonlinear specifications in dynamic
models and thereby suggests the need for careful consideration of

appropriate estimating strategies when such models are hypothe-
sized.




CHAPTER 6

THE VOCATIONAL CLASSROO! AND STUDENT
LEARNING STYLES

by Lawrcence Hotchkiss and
Jeanne Desy

The earlier chapters of this report describe the characteri-
stic vocational classroom and what it offers. In this classroom
students learn through doing, often working alone and receiving
one-on-one instruction. Mastery is emphasized, and structured
competency-based learning may be u:red. Students read less, write
less, and listen less than in the ac.demi~ classroom and learn
more often through tactile~kinesthetic modes. They work with a
hig¢h degree of autonomy and make numerous decisionz as they go.
They report that this kind cf learning is enjcy ible and relevant.
The accomplishment it affords them is ego enh-~ncing, and the
hands-on work provides incentive, task, and achievement
imnotivation.

What type of student stands tc beneiit most from this educa-
tional opportunity? This question cannot be answered from the
present bhase of theory and research. However, learning style
theory appears to be particularly relevant to the question. 1In
this final chapter, we review learning style theory and assess its
usefulness as a theoretical basis for organizing theory of
vocational education.

It is apparent that a student whose learning style is fairly
well matched te the opportunity will learn more than a student
with a poor match. The key issue is to achieve optimum matches.
Some writers (see Kirby 1979) recommend challenging students--
teaching through less-favored modes--to duvelop their flexibility
in learning. cChallenge matching for certain tasks can take place
in the classroom, where the teacher can carefully regulate the
teaching method with attention to individual needs. For purposes
of placement, however, style matching is valuable, especially for
students who need to experience success in learning. Lembke
(1985) reviewed the extensive research on this topic ard found
that the evidence supported style matching: "when instruction was
consonant with learning style, academic achievement was increased"
(p. 62).

As the term suggests, learning style is a way of describing
how an individual goec about learning. Keefe (1979) sees learning
style as composed of “cognitive, affective, and physiological
behaviors that serve as relatively stable indicators of how
learners perceive, interact with, and respond to the learning
environment" (p. 4).

As this definition suggests, %“learning style" is a construct
with a larce and complex domain whose boundaries are not clearly
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defined. Simply establishing the content to be assessed is
difficult, and the various models differ widely. Sewall (1986)
says that most are based on the findings of cognitive style
research, especially on Witkin's theory of field-dependence/~-
independence. McCarthy (1987) states that a number of models
(including her own) are basz=d on Jung's definitions of psychologi-
cal types--thinkers, feelers, sensors, and intuitors. These
categories are represented by McCarthy, Kolb, Gregorc, and others
by the individual's relationship to two intersecting continua.

concrete
expericnce
active reflective
experimentation I observation
abstract
conceptualization

Figure 3. The Motivational Goals

Roughly, these axes represent percception (the vertical) and cogni-
tive processing (the horizontal).

Models of learning style based on cognitive/processing
preference describe four basic learning styles, located in the
quadrants of the model. 3In Kolb's model, the style that best
matches with the vocational classroom is that of the learner who
perceives abstractly, ‘“iat is, favors thinking cover intuition, and
processes actively. Kolb (197€) calls this learner the
"Converger" and says "his greatest strength lies in the practical
application of ideas" (p. 5). The Converger thinks deductively,
does best when there is a single correct answer and would rather
deal with things than people.

Gregorc (1982) defines processing somewhat differently, as
linear or nonlinear ordering. His instrument would depict the
ideal vocational student as Concrete Sequentizl. This student
prefers to work tactilely and learn through hands-on experience.
He or she likes to follow exact directions.

McCaxthy (1980) describes a Common Sense Learner, who, like
Kolb's Converger, is active-abstract. This studeiit's strength is
the "practical application of ideas" (p. 41), and he or she needs
hands-on experiences. Unlike Gregorc, McCarthy describes this
student as one who "resents being given answers." (p. 41)

This brief review of three similar models of learning styles
demonstrates an important truth about this area: numerous
conflicting models are in use, and many differ from ore another
more sharply than those mentioned above. For example, the Dunn's
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model incorporates a conglomeration of elements that are environ-
mental, emotional, sociological, and physical. 'The student's
priferences are surveyed on room temperature, structure, optimum
time of day for learning, snacking while learning, and 19 other
stimuli (Dunn 1984).

The Dunn's work is illustrative of a ssecond difficulty with
the literature on learning styles: the regearch base is often
very thin or questionable. 1In a 1982 article titled "Teaching
Students through Their Individual Learning Styles: A Research
Report," Rita Dunn (National Association of Secondary School
Principals 1982) presents the research behind the Dunn/Price
Learnings Style Inventory (LSI). Of 14 studies cited, 8 are
doctoral dissertations completed at St. John's University, where
Rita Dunn teaches. Of the remaining five sources, three are
dissertations, one deals with college students (the LSI is used
for grades 3-12)}, and one is an article about high school students
in which no population number is given. Lembke (1985) comments
That "a self-fulfilling prophecy could be at work" (p. 65).
Although this research base is questionable, it remains true that
the Dunns have emphasizel the empirical basis of their work more
than any other learning style theorists.

Assessment of learning style is fraught withi problems.
Blakemore, McCray, and Coker (1984) noted that the 11 ir »ruments
they surveyed had several common problems. Most important--

o few have vocational relevance,

o little technictl data supports their validity or reliabi-
lity, and

o they "rely on the testee's ability to make accurate
judgements about himself" (p. 28).

Davidman (1981) has pointed out that learning style inventories,
such as the Dunn/Price LSI, can yield only "informed specula-
tions,” but are often taken to provide 'precise, accurate conclu-
sions about individual students' preferred learning styles"

(p. 4).

Other critiques of the uumerous assessment instruments
available have also been harsh. For instance, in 1977 the
Ayerican College Testlng Program carried out a thorough study of
cognitive style mapping based on Joseph Hill's reputable and well-
developed model. Hill and others selected the ACT instruments
that were refined and used in the study. The project found that
those instrurants lacked construct validity, although the select-
ors had conficence in their face and content validity. The
writers note that

in the research on educational cognitive sty.e completed
to date, little or no data have been presented to
demonstrate the psychometric adequacy of the measures
employed. In those instances where validity is

67 13




addressed, it is nearly always content or frce validity
based on expert judgement. (American College Testing
Program 1978, p. 53)

They recommend that the development of technically cound instru-
ments be the priority for future research.

Nearly 10 years later, this situation seemed little changed.
In a 1986 study, Sewall carefully evaluated four assessment tools.
He found that

evidence supporting the conscruct validity of the Myers-
Briggs is minimal and practically nonexistent for the
Kolb LSI, the Canfield L€ and the Gregorc Style
Delineator. (p. 59)

Sewall theorizes that the r:oblem lies with both the models and
the instruments. He further notes that these instruments may not
be reliable and, lile the ACT report, calls for further work on a
valid measurement device. .

The selection (or creation) of the most valid and reliable
tool for measuring learning style will demand extensive research,
given vthe intricate problems associated with learning style models
and with instrument design. Of the most-discussed instruments
the Vyers-Brlggs Type Indicator (MBTI) is most recommended. The
model it is based on is a direct descendent of Jung's psychologi-
cal tyvpe theory. The forced-choice, self-report inventory
consists of four =scales:

o Extraversion-Introvers.on
o Sensation-Intuition

o Thinking-Feeling

o Judgement-Perception

Sewall rates the MBTI highly for its ease of administration,
scoring, and interpretation, and considers it "one of the better
instruments cuvrrently available to assess learning style type" (p.
18).

The MBTT yields results that can indicate whether a student
would fit the vocational classroom. The ideal student would favor
"sensing" in perception, tending to "deal realistically, obser-
vantly and precisely with tasks. . .[and] with details and facts,
preferring experience to thecry" (Barger and Hoover 1984, p. 57).
The student would favor thinking judgements over feeling judce-
ments, tending to be logical and interested in causal relaticn-
ships, and might be more introverted than extraverted, preferring
to work alone.
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Anoth:r approach to assessing the individual differences that
might make a student more suitable for the -rocational classroonm
has been suagested by the worx of Andersoa and Scott (1978).

Their study of 100 secondary students in humanities and social
science classes measured student involvement in learning-~-the
percent of time the student was on task. Scholastic aptitude
(APT) was measured by the verbal subtest of the Lorge-Thorndike
Intelligence Test, and academic self-concept (ASC) was measured by
the Scott Academic Self-Concept Scale. The analysis showed that
low APT-ASC students were less responsive to lecture and audiovi-
sual methods than other students. These students may do better in
a classroom that offers increased opportunities for technical
practice and one-on-one teaching.

Critics of learning style assessment agree that, as Sewall
(1936) says, "a valid model and measurement device for learning
style would be a powerful tool for the facilitation of learning"
(p. 6l1). In its absence, several writers recommend a combination
of formal and infofmal assessment. Davidman (1981) recommends
that educators create their own "mini-qnestionnaires" (p. 4) and
invest time in questioning indiwvidual students. Hunt (1981)
suggests that teachers perform ¢ reciprocal, transactional
"reading" in the classroom.

Campbell, (1987) who has been extensively involved with
assessment, suggests a similar process. Having observed that many
students fill out self-report questionnaires quickly and without
much thoughti, he sugogests assessment for purposes of curriculum
choice through an interview. The interviewer should develop and
express genuine interest in the student as a person with a serious
decision to make. The interview would begin with a statement of
purpose, to help the student see the seriousness of the task. The
guidance counselor or teacher would survey the student's academic
history and ask open-ended questions about interests and
activities. These and an informal atmosphere would be designed to
put the student at ease and encourage free discussion. Next, the
interviewer would verbally administer a simple, locally designed,
forced-choice questionnaire. This should be designed to elicit
learning preferences as well as general areas of interest.
Davidman (198l1) references a number of sources with helpful
material on this subject.

As this discussion suggests, certain preferences flag a
student as one who will profit from some degree of involvement in
vocational education. (How concentrated that experience should be
is a matter for the studant and counselor to determine.) The
candidate for vocational concentration as definea by Campbell,
Oorth, and Seitz (1981) would show the following characteristics:

o Prefers to work with things rather than words
o Needs autonomy, likes to work alone

o Responds more to one-on-one instruction than whole class
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o Learns best through hands-on (tactile-kinesthetic) moies
This student might demonstrate additional characteristics:
o Is not motivated to perform in the ar i:demic classroom

o Is less successful academically and needs mastery
experiences

o Does not respond well to competition_

The assessment process suggested here combines the student
self-report characteristic of many learning style inventories
(e.g., the Dunn-Price LSI) with teacher assessment. Davidman
(1981) argues for a process of this kind, nested in “heightened
individual dialogues" between students and teachers.

The assessment of individual differences, especially those
imperfectly defined qualities that form learning style, is not a
mature science. However. even the recognition that meaningful
differances exist seems useful. Garger and Guild (1984) state
that "an important goal is for teachers and students to accept and
value the diversity of styles" (p. 12). Davidman and Chiarelott
(1985) emphasize the importance of the concept of learning style
for teachers when they anticipate the

reconceptualization of the learning environment, and . . .
the teacher's enhanced perception of the student as a
learner who possesses educationally significant
strengths, preferences, and interests. (p. 12)

In order to connect the material on theory of vocational
educ~tion, learning styles, and the technical issues regarding
interaction models it may be useful to formulate a modal that
expresses the key ideas as interactions. For illustrative
purposes, assume that the outcome is a combination of basic and
applied skills measured by a standardized test. For a particular
student, we assume that optimum learning occurs with a particular
mix of academic and vocational courses, as follows:

y=a+bA + cV +dav + u (1)
where

learning outcome

academic courses/credits

< P X
it

fl

vocational courses/credits
u = random disturbance

a, b, ¢, d, = constant parameters
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The complementarity between vc:ational and academic curriculum is
expressed by the interaction term d. The value of d is expecied
to be positive. The larger d is, the more academic courses
enhance students' ability to learn from vocational courses, and
the more vocational courses .improve student learning in academic
courses. Presumably, the latter impact is due in part, to the
motivation classrooms.

One important way in which learning styles enter this
formulation is by influencing “he degree to which hands-on and
other approaches (e.g., CEVE) provide motivation. Thus, one may
postulate that students who on the MBTI favor "sensing" and tend
to "deal realistically, observantly and precisely with tasks"
profit more from vocational education than other students.
Denoting a variable indicating degree of sensing and realistic
approaches to tasks by R, this theory can be expressed formally by
sctting both ¢ and d in equation (1) to be positive functions of
R. Linear formulation can be expressed as follows:

c=p+ qR
d = g + hR

Inserting these expressions into (1) yields & relatively complex
interaction model--

y =a+ bA + pV + qRV + gAV + hARV + u. (2)

A more general model also would set b t0 a linear function of R,
but. one with a negative slope.

Altnough the model in (2) is substantially more complex than
mest formalized theory, it remains a substantial simplification of
the informal theory. It does, however, serve two important
functions for this report. First, it helps to integrate the
chapters dealing with theory, substantive findings, and technical
issues related to interactions. Second, it suggests important
next steps in improving understanding the complex ir ierplay
between curriculuu choices and individual characteristics.

Experience indicates that it would be advisable to add
complex interactions to our assessment of vocational education in
small steps. It seems advisable to focus first on equation (1).
If a positive value for d cannot be established, there seems
little point in trying to estimate the more complex model in (2).
Preliminary evidence in this report indicaces that establishing
empirical support fcr the model in (2) may not be easy to achieve.
If equation (1) is not supported by empirical evidence, then
careful reexamination of the theory and educaticnal practice would
be the important r. ~:t steps.

In the meantime, it is clear that the vocational curriculum
differs significantly from the academic. 7In addition, we know
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enough about individual differences and learning to say with a
fair degree of certainty that vocat onal education will benefit
certain students far more than other curricula. The continued
exploration of the interactions between vocational curriculun,
academic curriculum, anl student characteristics such as learning
styles should produce two typas of benefits. First, it will
promote systematic inquiry into the relationships between
curriculum choices and learning outcomes. Second, it will
stimulate retlection ak mt the primary considerations that muczt be
accommodated in practical everyday curriculum cholces.
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